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INTRODUCTION 


This manual will provide the information necessary for the L/TC user to write and assemble symbolic 
programs using the GP 300 Basic Language. In Section 1 the coding form is analyzed by column. It is 
suggested that the reader remove the coding form sample on page xii and locate each specific area on | 
the form as he reads the text. In Section 2 each of the GP 300 series firmware instructions is presented. 
Individual instructions are discussed in a narrative section followed by an example which illustrates the 
capabilities of the instruction. The instructions (Op Codes) are presented alphabetically by a category 
which relates to machine function. 


Section 3 defines the rules and techniques used in symbolic program writing and debugging. To the 
non-experienced user it is suggested that he read pages 3-1—3-2 of Section 3 before attempting the other 
materials contained in this manual. 


A typical billing problem is discussed in Section 4. The analysis begins with-the program definition and 
carries through to the sample output on an invoice. Section 5 is a functional description of the Basic 
Assemblers. Operating instructions are included. 


Users are provided a means of quickly referencing selected areas of the manual by coded boxes placed in 
the upper corner of key pages. The information contained within the box is indicative of the material 
on that page. In Section 2 the symbolic OP code is placed in these boxes along with a symbol to 
indicate the type of firmware set to which the instruction applies. These are: CD—check digit add-on 
firmware sets, CRD-80—column card firmware sets, DC—data communications firmware sets, and 
PT—paper tape firmware sets. 


Boxes which do not contain a firmware code apply to the basic instructions which are generally 
common to all firmware sets. 


The information provided in this manual applies to the 32-track styles and the 40-track styles of the 
Series L/TC. 
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Burroughs Assembler Coding Form 


SECTION 
ASSEMBLER CODING FORM 


PROGRAM |D 


PROGRAM IDENTIFICATION 
DEFINITION — Identifies a specific program. 


FIELD DEFINITION — One through six alphanumeric characters entered in columns 5-10. Right or left 
justified. Automatically reproduced on succeeding cards with punched card source program. 


PAGE. — —:éCOOWF 
CUSTOMER 
BRANCH 


PROGRAMMER 


PAGE NUMBER AND HEADING 
DEFINITION — Identifies and sequentially locates coded pages of a program. 


FIELD DEFINITION — The page number is determined by the sequential order number of the page and 
the total number of pages. The remaining information is filled in accordingly. 


SEQUENCE 


SEQUENCE 


DEFINITION — Identifies the sequential order of the operation codes. “ee only to punched card 
source programs. 


FIELD DEFINITION — With a keyboard or paper tape source program the Basic Assembler assigns a 
sequence number to each line in increasing numerical sequence. | 


1-1 


CODING 


FORM 


LABEL - 


DEFINITION — A symbolic designation utilized ee the assembler #6 describe a parameter for 4 a | memory: 
location or other parameter value. — 7 7 | | 


FIELD DEFINITION — A label consists 2 1-6 alpha or numeric salads The first character must be — 
an alpha character. A label may be the same as a mnemonic operation code of any GP 300 instruction 
or assembler pseudo instruction. The label is entered in columns 16-21 and must be left justified. 


T°" OP. CODE © 
22|2af2a |25|aq) 


OPERATION CODE 
DEF INITION — The applicable syaibolic nsteuchion: is siterea in this field. 


FIELD DEFINITION — Op. Code is entered in columns 22-26 and left ssidinl on 


1-2 


CODING 
FORM 


FIELD LENGTH 


DEFINITION — Indicates the number of characters or digits in the constants associated with certain 
instructions. Applies to punch card source programs only. 


FIELD DEFINITION — Number of characters contained in required constant entered in columns 27-28 
and right justified. 


PARAMETER 


A PARAMETER — LABEL 
DEFINITION — The applicable label or parameter is contained in this field. 


FIELD DEFINITION — Label entries consist of 1-6 alpha or numeric characters and the first character 
must be an alpha character. The parameter or label is entered in columns 29-34 and left justified. 


A PARAMETER — + INCREMENT 


DEFINITION — A signed numeric entry may be made in this field to denote a plus or minus value for 
incrementing or relative addressing with the label in columns 29-34 as a base. If a label is not used when 
using a branch instruction, the syllable location of the same instruction is used for the base address. 


FIELD DEFINITION — If the field has a negative value, the ‘-” must be entered in column 35. For a 
positive value the “‘+”’ is optional. The increment is entered in columns 36-38 and right justified. 


1-3 


CODING 


FORM 


B PARAMETER 

DEFINITION — The applicable alphanumeric entry is made in this field. 
FIELD DEFINITION — Entry is made in columns 39-42 and left justified. 
C PARAMETER 

DEFINITION — The applicable numeric entry is entered in this field. 


FIELD DEFINITION — Entry is made in column 43. 


CONSTANT DATA (NUMERIC ) 
oe Ce ae DATA OR PRINT CRS ES CRE 


14) 2,3)4)5 ,6|7 ,8 ,9 10 (11,12, 13,14 45 | 16)17 418,19 |20)21,22)23]24 


CONSTANT DATA (NUMERIC) 

DEFINITION — Location of constant data for certain instructions. 

FIELD DEFINITION ss The constant is entered in columns 29-47 and is left justified. 
ALPHANUMERIC DATA OR PRINT MASK 

DEFINITION — Location of alphanumeric data for certain instructions. 


FIELD DEFINITION — If the data is greater than 24 characters in length in a punched card source 
program, the excess characters are continued on the next line beginning in column 29 and preceded by a 
“CC” in columns 27. The continuation card must also contain the appropriate instruction in the Op 
Code field and a sequence number. Data is entered in columns 29-52 and left justified. 


£25] 2s 7s] sf |e ]exs se] == es 67s s0|] 75 re} ral] 7 
| , 


REMARKS 


DEFINITION — Remarks may be entered in this field, and will appear in the printed documentation. 


FIELD DEFINITION — Remarks are entered in columns 53-77 and left justified. 
1-4 


SECTION 
GP 300 INSTRUCTIONS 


2.00 — INTRODUCTION 


General Purpose Language (GP 300) is a programing language, consisting of machine instructions to 
control system operation, and is used for Series L/TC. For ease of programing the Series L/TC, the 
programmer can write his programs in symbolic language and can convert them to machine language 
through the use of an assembler program. By using an assembler program, the programmer is not 
burdened with keeping track of the memory location used, or the actual machine language for the 
symbolic instructions being used. | 


The GP 300 instruction list is implemented in the system by various Firmware Sets; the number of 
different instructions implemented is dependent on the particular Firmware Set used in the system. 
Firmware is defined as a control program, and is stored in a designated area of the systems memory. 
The firmware performs some of the logic and control functions, programmatically, that are usually 
performed by hardware electronic circuits in larger computer systems. 


Firmware consists of ‘“MICRO-programs’” which implement each instruction of GP300. A 
MICRO-program consists of a “string” of MICRO instructions, each performing a step to accomplish the 
function of the GP 300 instruction (referred to as MACRO instructions). Thus, in the execution of an 
applicational program, the firmware identifies each MACRO instruction used by the programmer, and 
selects the proper “MICRO string” to perform the function of the instruction. 


2.00.01 MEMORY ORGANIZATION 


Memory in the L/TC consists of 1,280 words of 64 bits each, and is organized into 5 blocks of 8 tracks: 
each, or a total of 40 tracks. Each track containing 32 words. Main Memory is subdivided into two 
sections: The Control area and the Normal area. 


The Control area contains the firmware which determine the system control functions and which 
implement the GP 300 instruction list. The Normal area is used to store the user’s programs which are 
written with the MACRO instructions. The MACRO instructions are used by the programmer to exercise 
all of the capabilities of the L/TC such as arithmetic, logical comparisons, printing, input/output (paper 
tape.or 80-column cards), and data transmission. The Normal area is also used for storing constant data, 
messages, and for accumulating totals. The amount of Normal area available to the user is dependent 
upon the firmware in the Control area (some firmware requires more memory than others). 


2.00.02 MEMORY WORD ORGANIZATION 


Each word of memory contains 16 digits (64 bits) and may be used to store one of the following: 


1. NUMERIC WORD — Contains only numeric values plus sign. Each digit within the number 
occupies a single digit within the word. Digit position 15 is reserved for flag settings. 


wiacs [14] 15 }ra} jot otet7isjsj+]a]2]s]o 
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se ED ED EVE Ea ES ED 


ALPHA. WORD — Contains. ache alphanumeric values, left justified. Each alpha character 
requires two digit positions within the word. Eight is the maximum. number of alpha . 
characters that can be contained within a word. 


PROGRAM WORD — Contains 4 MACRO instructions. Each instruction requires 4 digit 
positions (termed a syllable) within the word. me 


Syllable 3. 


| Syllable 2 | Syllable 1 | Syllableo | 


PRINT FORMAT WORD — ‘Contains only print format codes. Each code pane: occupies a 
single a position within the word. Digit position 15 is reserved for flag settings. 


The onde are addressed by : a word number. The word number is an | integer which lies co 0 and 
the highest available word to the user. The word number is sometimes referred to as memory address or 
memory location. If a word contains program instructions, it is divided into four syllables, each nme 
containing one instruction. The syllables are numbered 0, 1, 2, 3 as shown above within the word. | 


2.00.03 PROGRAM EXECUTION 


When the system iS activated and the program mode is entered by depression of the START key, 
execution of the program instructions begins in word 0, syllable 0. Execution continues sequentially by 
incrementing the syllable value by 1 (certain instructions can modify this procedure, e.g., a branch 
instruction). When the ‘syllable value attains 3, the next increment will cause the word number to be 


increased by 1 and the syllable counter to be set back to 0. The current word number and syllable value 
are contained in the Program Counter. 


2.00.03 


The following example shows only word numbers and syllable values within those words. The arrows 
show how the values in the program counter are changed. | | 


Syllable 1 
Syllable 2 
Syllable 3 


Syllable 0 
Syllable 1 a 


Syllable 2 
Syllable 3 


Syllable O 


Syllable 1 
“Branch to 79-2” 


Word 80 Syllable 1 


Syllable 2 @] 


Sequential Program Execution and the effect of using the branch instruction 


After the “START” key is depressed and program execution begins, the program counter always starts 
at word QO, syllable 0, it continues to be incremented until the execution of the instruction in word 2, 
syllable 1 (Branch instruction). After execution of this instruction causes the program counter to change 
value from word 2, syllable 1 to word 79, syllable 2, the program counter continues to increment until 
another path is selected. | | | 


2.00.04 ACCUMULATOR 


Set aside from the Normal area of memory, is one word called the Accumulator. It, like other numeric 
words, contains 15 digits and a flag position. It is not addressed by a word number, but rather, access to 
it is a function of certain instructions. It is a working memory location for the movement of data from 
one area to another. It receives all numeric data entered through the keyboard including the keys that 
set the Accumulator flags [RE(-), C, M]; it must contain any numeric data to be printed; it can sum up 
several amounts and store the result in another word; it receives the product or quotient of 
computations; it must be used to accumulate one word of data into another; and it can be used to move 
alphanumeric information from one word to another. 


When the Accumulator contains 0, the minus flag is reset (i.e., the Accumulator is positive). 


Certain instructions will destroy the prior contents of the Accumulator (i.e., clear the Accumulator 
before the instruction is executed). This frees the programmer from clearing the Accumulator through 
instruction before moving data. | 


2.00.05 FLAGS 


Instructions are provided to “test”’ whether or not certain conditions exist during the execution of the 
program, so that alternate paths of program may be selected, depending on the state of the condition 


being tested. In GP 300 the user has 28 “Flags” divided into 7 groups, each of which can be tested. 
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There are flags for testing the condition of the Accumulator, flags to test the condition of tape or card 
readers and tape or card punches, flags for the OCK Keys which the operator will use, flags for forms 
limits, index registers used to control loops, plus general purpose flags which the user can assign for his 
own particular needs. 


Each flag consists of 1 “pit.” When the bit is “ON,” the flag is “Set”; when the bit is “off,” the flag is 
“‘Reset.”? The program can interrogate a flag to test whether or not it is set or reset, and select a path of 
program accordingly. 


A ‘graphic explanation below of the Accumulator which has 4 flags will show how each flag is assigned 
one bit. | 


MC{SrAL | 13 [2221]; 10} 9 | 8} 7 Jets th} 3f2ti to 


0 a | = 
we 
‘BITS | l, bits 
Accumulator (M) Per Thousand | (S) Special 
Flags (C) Per Hundred -(-) Minus or Negative 
If we were to examine the bit configuration for the flags, they would be represented as follows: 
8 0 Oo O o 
\ O 0 e O 
Bits 2 (-) o (8) ¢* (C) -o (M) o 
1 e O O fe) 


2.00.05 (Cont'd) 


Example: 


2.01 -- ASSEMBLER PSEUDO INSTRUCTIONS 


Pseudo instructions control the manner of assembly and determine the interpretation of data fed to the 
-assembler. They generally do not directly produce machine language instructions, except in some cases 
where they fill in syllables to increment the program counter to the next word. 


The following instructions are valid for this Basic Assembler Language. 


2.01.01 ADVANCE LINE INSTRUCTION 


OP CODE — A 
ADVL 1-4 


The ADVL pseudo instruction will advance the assembler output form the number of lines specified in 
the A parameter. No machine language instruction is assembled. 


2.01.02 ALPHA CONSTANT INSTRUCTION 


OP CODE 
ALF 


The ALF pseudo instruction permits alphanumeric data, up to 24 characters, to be stored in memory as 
constant data during program loading. Any character on the keyboard, including space, is a valid 
character. (Except for Assembler I, a CC in columns 27 and 28 will allow a second line of 24 characters 
to be entered.) 


If the syllable counter is not O at the beginning of the ALF, “STOP” instructions are inserted until the 
counter is 0. The alphanumeric constant is then assembled starting in the next full word. 


. The alpha data is identified by placing a label in the label field, unless reference will be made by + or — 
incrementing from another entry. For assemblers other than Assembler I, the total number of characters 


in the ALF constant must appear in the FIELD LENGTH 


PARAMETER 


LABEL OP. CODE LABEL 
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LABEL a | 7 OP cane | 7 OA 
PA NAME 
NAME | a. ALF | a JOHN DOE 
When the PA instruction is executed, the alphanumeric characters JOHN DOE would be printed 


(including the space). 


2.01.03 RESERVE sae BUFFER INSTRUCTION 
OP CODE 


CDB 


The CDB pseudo instruction inserts the instruction “BRU to word 11, syllable 0” in word 0, syllable 0. 
This causes the assembler to reserve words 1-10 as the card read-in buffer area. If the assembly word 
counter is not at word 0, syllable 0, an error message will print. (When using Assembler I, the assembly 
will halt; with Assembler HI or IV it will not halt, but 10 words will not be reserved.) 


Accordingly, the CDB instruction must be the first instruction in the program except for pseudo 
instructions which do not affect memory allocation such as ‘“‘Note.”’ 


When the card input data is no longer needed, the 10-word read-in area may be referenced as working 
memory by other parts of a program. This is accomplished by providing the CDB instruction with a 
label. | 


The CDB pseudo instruction is necessary only when the L/TC is used with an A 595 card reader. 


Example: 
ny tr en é 
LABEL 7 ~* QP CODE A B 7 | REMARKS 
CARDIN- GDB | Reserve Card Buffer, 
RCD : Read 1 card. 
TRM CARDIN+2 | ‘Wyse. “Sed: sword: oF -card 


read buffer as a working 
memory location. 


2.01.03 


The card input area can be reserved by using the “REG”’ pseudo instruction. In this circumstance the 
programmer must include his own provision to by-pass the 10-word buffer area. 


Example: 


pLABEL 
ales =i Hs ie DPD reise = GED 
okra [eens 


er ee 


PARAMETER 
Es rae 
OP. | oP. cope 


LABEL : OP CODE A B REMARKS 

LPNR PMASK Assembles in word 0 

LPKR PKEYS Assembles in word 0 

LLLR 51 Assembles in word 0 

BRU BEGIN Assembles in word 0 

REG 10 Assembles in words 1-10 
BEGIN RCD l Assembles in word 11, syl- 

lable O 


When using the A 596 Card Reader, the L programmer may utilize the “REG” pseudo instruction to set 
up multiple buffers anywhere in the Track O area (words 1-31) alloted for card input. 


A 596 Reader input to Series L 


LABEL OP CODE A Bo REMARKS 
~LPNR PMASK | Assembles in word 0 
LPKR- PKEYS Assembles in word 0 
LLLR 51 | Assembles in word 0 
BRU BEGIN Assembles in word 0 
REG 10 Saves words 1-10 
REG 10 Saves words 11-20 
REG 10 Saves words 21-30 
BEGIN | RCD ] Assembles word 31 
7 | Puts data in words 1-10 
RCD 21 Puts data in words 21-30 
RCD 11 Puts data in words 11-20 
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The TC programmer may use any area with Block O (words 1-255). However, when processing data for 
transmission, he should place his buffers on track boundaries (words 32, 64, 96, 128, ... 224). This 
allows the data to be accessed with Data Comm instructions. The “ORG” and “REG” pseudo 
instructions can be used to set up buffers on specific track boundaries. Care must be taken to ensure 
_ that buffer area and the memory area required for the macro program do not overlap. 


2.01.04 CARD FORMAT INSTRUCTION 


A 595 READER A 596 READER 


OP CODE A Bo A B 
CDF 1-80 1-80 1-255 1-255 


The CDF pseudo instruction is used to define each field for 80-column card input. The A parameter 
denotes the beginning card column of the field. The B parameter indicates the number of card columns 
in the oe The values entered are assembled into one syllable as part of the card format table. 


The field formats defined in the table may pertain to one or several types of input cards, and may be in 
any sequence in relation to the card. 


Only 16 CDF’s may be listed for each table name (LABEL). 


LABEL OP CODE A B REMARKS 

LCFR FIELDS Load Card Format Register 
WORD | 
FIELDS CDF 1 ] 1 - type of card 

CDF 2 7 2 - Acct. No. 
CDF 9 6 3 - Product Codes 
CDF 15 36 4 - Product Description 
CDF 51 —~6 5 - Gross Weight 
CDF a7 8 6 - Price No. 1 
CDF 65 8 7 - Price No. 2 
CDF 73 8 8 - Cost 
CDF 9 24 9 - Name 
CDF 33 24 10 - Address — 
CDF 57 24 11 - City-State 


The A 596 Card Reader allows the L programmer using card I/O instructions to read and access data’ 
into any location in Track O except word 0. This provides for a maximum of 248 characters which can 
be entered on successive cards. If more than 16 CDF’s are required, the programmer must use multiple 
_table-names. 


The TC programmer must access buffer areas above Track O with Data Comm Instructions (Section 


2.12.04 — Unpacking Messages Received). gh Ne Doge TAR, Oe SS a] 
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2.01.05 CODE INSTRUCTION — 


OP CODE ‘ 


CODE 4 hexadecimal digits 


The CODE pseudo instruction permits the insertion of 4 hexadecimal digits into the next available 
syllable of a word of memory. The value designated by the 4 digits in the A parameter is assembled into 
the word syllable. Other instructions may precede or follow its use in the same word of memory, or it 
may be used SUCCESS Vely to insert | a full word or several words. 


Example: 


PARAMETER 


OP CODE A 3 REMARKS 
CODE C925 Print word 293 as alpha. 


2.01.05 


C925 is the machine language code for PA Word 293 and would be assembled into the next available 
syllable. It may sometimes be convenient to use the CODE instruction in this manner to ‘have access to 
memory locations or program routines which have been loaded with another program. 


2.01.06 DEFINE INSTRUCTIONS 


OP CODE A B 
DEF 0-767 
DEFT 0-15 QO-15 


The DEF pseudo instruction is used to assign a numeric value to a label. This applies to labels which 
name something other than a memory location. 


Example: 


PARAMETER 
a See 


POS SHIPTO 
? 
SHIPTO DEF 35 


The print ball positions at position 35. 

The function of the DEFT pseudo instruction is the same as that of the DEF instruction. The DEFT 
instruction is used with instructions which require both an A and a B parameter. Values between 0 and 
15 are permitted in each parameter. 


Example: , 
Cc 
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LABEL —  OPCODE A er 


NK - ORDER 
ORDER | DEFT | 6 9 


The DEF ot DEFT instruction must be used in conjunction with a label oe columns 16- 21) to. denote 
the item being defined. : | 


2.01.07 DOCUMENTATION INSTRUCTION (USED ONLY FOR ASSEMBLY ON B 2500/3500/5500.) 


OP CODE 


DOC 


The DOC pseudo instruction permits more extensive narrative to be included in programs and in the 
subroutine library. Remarks of up to 49 characters are entered (beginning in card column 29) which 
print on the assembly documentation from the B 3500, but which do not punch. into the prosram ie 
(or card deck). : 


2.01.08 ESTABLISH BUFFER INSTRUCTION 


OP CODE 


_ ESTB 


The ESTB pseudo instruction is used for reserving main memory buffer areas in connection with the 
data communications message handling instruction. This is required when it is desired to move a message 
from the Data Communications Message Received Buffer into main memory before unpacking the 
message, or to build a message in main memory and then transfer it (completely formatted) to the Data 
Communications transmit buffer. 


The ESTB instruction reserves a 32 word area (256 characters) or 1 track in user memory. It selects the 
highest track of user memory that is available, reserving 32 words starting with the first word of that 
track. 


For example, if 384 words of user memory (0 to 383) are designated in the program assembly, the first 
use of ESTB would reserve words 352 through 383; the second use of. ESTB would reserve words 
320- 351. ESTB has no parameters, but it must be labeled. 


Example: 


PARAMETER 


SCSOSOo TSE 


2.01.07 


LABEL OP CODE 


RECEIV ESTB 


SEND ESTB 


In the above example, RECEIV would be assembled with a word number of 352 and SEND would be 
assembled with a word number of 320. 


2.01.09 END INSTRUCTION 


OP CODE 


END 


The END pseudo instruction terminates the assembly program and must be used as the last line of code 
in the program. 


2.01.10 EQUATE INSTRUCTION 


OP CODE 


EQU 


The EQU pseudo instruction will permit one label to be given the identical value of another label. The 
label coded in columns 16-21 will be equated to the label in columns 29-34. The label contained in the 
parameter field (column 29-34) must have been previously used or defined. 


2.01.11 MASK INSTRUCTION 


OP CODE 


MASK 


The MASK pseudo instruction is used to enter the table of mask words. An entry of up to 24 print 
format characters is accepted. 


If the syllable counts: is not O at the beginning of the Mask instruction, “‘Stop”’ instructions are inserted 
until the counter reaches 0. The Mask Characters are then assembled in the next full word. 


The appearance of any character other than those listed in the Mask Character Table (see Appendix E) 
results in an error condition. 


The mask table must be identified by placing its label in the label field (columns 16-21) on‘the line of 
the first mask word entry. For Assemblers other than the Assembler I, the number of mask characters 
must appear in the field length. | 
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Example: See subject 2.03.05. 


2.01.12 NOTE INSTRUCTION 


OP CODE 


NOTE 


The NOTE pseudo instruction will permit the entry af up to 25 Eee in the REMARKS field 
(columns 53-77). No machine language instruction is assembled. No parameter field entry is required. If 
one is given, it will be ignored. 


Example: 


EO ROMETER 


+ OR —- 
H 


or 7 RduT: 


OP. CODE 


OP CODE REMARKS 
NOTE | Begin total routine. 


2.01.13 NUMBER INSTRUCTION 


OP CODE 


NUM 


The NUM Berado instruction peeits a word of numeric data to be stored as constant data in memory 
during program loading. 


A numeric constant of from 0 to 15 digits (Assembler I will allow only 14 digits) consisting of the digits 
0-9 is accepted. In addition, the “—,” “C’’ and “M”’ codes preceding the digit positions of the constant 
are accepted, and set their respective flags in the flag positions of the word. 


If the syllable counter is not 0, “Stop” instructions are inserted until the counter is 0. The numeric 
constant is then assembled in the next full word, right justified. 


The number must. be identified by placing its name label in the label field (columns 16-21) of the 
coding form, unless reference will be made to it by +/— incrementing from another entry. 


2.01.12 


Example: 


PARAMETER 
A ees re 


+ OR - 
INC/REL 


PPESER PEPPER PP EEE rbishEee|= HEP 


OP. CODE GTH LABEL 


LABEL OP CODE A B REMARKS 
MUL PI Multiply by PI 
PI NUM 314159265358979 PI to 14 places. 


2.01.14 ORIGIN INSTRUCTION 


- OPCODE ~~ A 


ORG 0-767 


The ORG pseudo instruction will assemble the next instruction in syllable 0 of the word specified in the 
parameter field. If the specified word has already been assigned by the assembler, an error message will 
be printed and entry assignment will start at the same sequence. 


No machine language instruction is assembled. 


2.01.15 PAGE INSTRUCTION OP CODE 
PAGE 


The PAGE pseudo instruction will cause the assembler output to be spaced to the top of a new form. 


2.01.16 REGION INSTRUCTION 


OP CODE SO OA 


REG | 1-255 


The REG pseudo instruction sets aside the number of words of. memory specified by the A parameter. | 
The actual memory address is assigned by the assembler. If the syllable counter is not 0, “Stop” 
instructions are inserted until the counter equals zero. : 


Revised 3-29-71 by 
PCN 1045481-001 2.01.16 


The word counter is advanced by the amount in the A parameter field. If the word counter exceeds the 
highest order word available, an error message is printed and entry assignment will start at the same 
sequence number. 


No machine language instruction is assembled. The region must be identified by placing its name label in 
the label field (columns 16-21) of the coding form. This region is not cleared. 


Example: 
LABEL OP CODE _ A BB REMARKS 
| LKBR AREA Load keyboard 
TKM 25 Type 25 
AREA REG = ok | Sxe4 words 


' 2.01.17 WORD INSTRUCTION 


OP CODE 


WORD 


The WORD pseudo instruction causes the assembler to assign the next instruction at the beginning 
syllable of the next word. 


If the syllable counter is not 0, it will be incremented and “Stop” instruction inserted into each syllable 
until the counter reaches 0. 


This instruction should immediately precede the entry of a Program Key Table. 


2.01.17 


PARAMETER 
5 I SOO BEF 


LABEL OP. CODE LABEL 


Example: 


een 


f= >} | Eb pe Pe EEE PsP e PPE = HERP 


LABEL OP CODE | A B REMARKS 
LPKR PKEYS 
WORD 
PKEYS BRU START 
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2.02 — KEYBOARD INSTRUCTIONS | 


2.02.01 ENABLE NUMERIC KEYBOARD INSTRUCTIONS 


| OPCODE A BD 
NUMERIC KEYBOARD ~ NK 0-15 0-15 
NUMERIC KEYBOARD, PERMIT REVERSE ENTRY NKR O15 O15 
NUMERIC KEYBOARD, PERMIT C AND M KEYS” _ NKCM 0-15-15 


NUMERIC KEYBOARD, PERMIT REVERSE ENTRY, et. ae 
C AND M KEYS NKRCM 0-15 0-15 
The four numeric keyboard instructions provide for the entry of a maximum of 15 digits of numeric 
information into the Accumulator digit positions 0-14. The Accumulator digit position 15 contains 4 
flags designated “‘minus”’ (-), “special” (S), “per hundred” (C) and “per thousand” (M). These four flags 
are always reset at the start of any numeric keyboard or numeric entry instruction. (RE) identifies the 
data entered into the Accumulator as negative by setting the minus flag. The C, M Keys set the 
appropriate flag when depressed. 


The ‘‘-,”’ “C,” “M’’ flags will be set if the particular keyboard instruction enables the use of their related 
keys (RE, C, M respectively) and the operator depresses these keys during the instruction. The special 
flag ““S” cannot be set by the depression of any keyboard key. Control of this flag is accomplished by 
other means (see flag set/reset instructions). 


The settings of the four flags transfer with the data from the Accumulator to memory and from 
memory back to the Accumulator and thus can be retained for future use in the program. 


The A.field of the instruction specifies the maximum number of digits permitted to the left of the 
decimal point. The parameter values range from 0-15. 


The B field specifies the maximum number of digits permitted to the right of the decimal point. The 
parameter values range from 0-15. The sum of the A and B parameter cannot exceed 15. 


When entering data, if either the A or B limits are exceeded, the Keyboard Error Indicator is turned on 
and the alarm bell sounds, halting the program. When the Keyboard Error Indicator is lit, all keys are 
disabled from performing their functions except the reset or ready push button. The entire entry must — 
be re-indexed following the use of the reset Key. 


Other conditions which will cause the Keyboard Error Indicator to turn on: 


1. The RE, C, M Keys are depressed during a numeric keyboard instruction that does not permit 
their use. 


2. A typewriter key is depressed (other than 0-9, open/close key, une advance key or typewriter 
OCK’s) during a numeric keyboard instruction. 


3. <A non-enabled program key has been depressed. 


4. A numeric keyboard instruction is initiated when the capacity of the keyboard buffer has 
been exceeded and when the valid codes in the buffer do not terminate the instruction. 


2.02.01 


Under control of the A field the programed number of digits enter the Accumulator. Although the B 
field specifies how many digits can be entered to the right of the decimal point, it also determines the 
digit position where the whole number enters the Accumulator. The entry of each whole number causes 
the previously indexed digits to shift left one digit position permitting the newly indexed digit to enter 
the vacated digit position. A zero key depression counts as a digit even if used as the most significant 
digit entry. Double and triple zero keys act in the same manner counting two or three digits 
respectively. 


Under control of the B field (following recognition of the decimal point key), the first digit is entered 
to the right of the phantom decimal point and the second digit in the second position with the 
remaining digits entered accordingly. A zero counts as a digit even if entered as the last digit after the 
decimal point key. It is not necessary to depress the Decimal Point Key if there are no decimal entries, 
even though the B field permits decimals. When the B field is zero, the error light will not become 
activated if the decimal point key is depressed without ensuing digit keys. 


Example: 
Suppose the Accumulator digit positions 0-14 contain 0. Examine the instruction. 
2 fe == oo [fo Ps ]] >] ole | 
ae a eee ee ee 


- 


The operator wishes to index the number 5432.10. 


The most significant digit “5” is indexed first and enters the Accumulator at digit position 2. The next 
digit ‘4’? is indexed and enters the Accumulator at digit position 2 and shifts the 5 to digit position 3. 
This process continues until we have 000000000543200 in the Accumulator. 


The decimal key is now used, and the digit 1 enters the first position to the right of the phantom 
decimal point. The next digit indexed enters in the next Accumulator digit position to the right of the 
previous entry. We now terminate the instruction with an appropriate OCK (i.e., according to program 

instructions). | | 


The Acentnulater now contains: 
rsp P>payaPe] > [o 
BOOGooG 


Flag Position 


BOoDBELoE Accumulator et Position 
fofolsfafafz]rfo| « Content of Accumulator 
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Example 1: Illustrates the use of the NK instruction. 


— | PARAMETER 
A cs 


+ OR - 


OPCODE  £$=#-A- B | _ REMARKS 


, NK | | 6 5 Will allow for 11 characters to be entered into the 


Accumulator. No printing occurs. 6 to the left of 
digit position 5 and 5 to the right of it. 


Example 2: 2: Illustrates the use ef the NKR instruction. 


PARAMETER 
Oe Se OE Nee Se 
ra = re 
. "I . H —_ 
LABEL OP. CODE GT LABEL INC/REL 


Je [rss [2222 [as as =| [20] 90] 222224 a] a] 27] 029 o0enfez| a2 


OP CODE oA B REMARKS 


NKR 6 5 | Will permit use of negative numbers (set minus 
i | flag). 


Example 3: Illustrates the use of the NKCM instruction. 


PARAMETER 


OP. CODE 


re [ell SEES EEPESEDEED He abs 


If the operator indexes 12345 6789, then the decimal point and 65 4321, the Accumulator will then contain 
in digit pene 0-14 | 


123456789654321 


If in addition the operator depresses the C or M key, the C or M flag will be set. Both keys can be used 
during the same instruction. Both “ae Y will be set. 


2.02.01 (Cont’d-2) 


2.02.02 OPERATION CONTROL AND PROGRAM KEYS 


Depression of any of the Operation Control Keys (OCK’s, on either the numeric or typewriter 
keyboard) terminates the numeric or typewriter keyboard entry, sets the corresponding OCK flag, resets 
the other OCK flags, and causes the next instruction in the program to be executed. All program keys 
are turned off. 


OP CODE | A 
ENABLE PROGRAM KEY GROUP A | PKA 12345678 
ENABLE PROGRAM KEY GROUP B PKB 12345678 
ENABLE PROGRAM KEY GROUP C PKC 12345678 


The function of a Program Key is to select and execute one instruction programed and stored in an area 
of memory called a Program Key Table. It also will terminate a keyboard instruction instead of an OCK, 
in which case all OCK flags are reset. 


Program Key Group A refers to Program Keys Al-A8. Program Key Group B refers to Program Keys 
B1-B8. Program Key Group C refers to Program Keys Cl1-C8. The allowable Program Key Groups are 
dependent upon the machine style. The A parameter can include ay number of the program keys 1-8 
for a specific group (A, B or C). 


All PK’s that are desired must be specified by the PK command for that group, as a later command 
calling for that group will void the effect of an earlier command for the same group. 


When in the ready mode PK: Al, A2, A3 (Start, Load, Utility respectively) have specially ssdenes 
functions and are always enabled. In the ready mode the specially assigned firmware functions take 


precedence over any functions programed for these keys. 


After an enable program key instruction the program will not stop automatically to allow the operator 
time to exercise a decision. This must be done by the programmer with an instruction such as TK or NK. 


OP CODE A 


LOAD PROGRAM KEY BASE REGISTER LPKR LABEL 


The instruction Load Program Key Base Register is used to reference the first word of a Program Key 
Table. (4 syllables per word). The A parameter is a label addressing the first word of the table. 


The table must begin in syllable 0 of a word. Each PK has one instruction in the table. The Op-Codes 
for a 24 PK machine would be arranged as follows: 
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BASEWORD = 0. OPCODEfor PKA! BASEWORD+3 0 OPCODEfor — BS 
a pcopefor = A2s—“(<ité‘(w;*””C«*d‘#«C;*«; OP CODE for BO 
3. OPCODE for A3 | 2. OPCODE for — B7 

OP CODE for A4 | 3. OPCODEfor  B8 


4 
BASE WORD +] QO OP CODE for A5 BASEWORD+4 0 OPCODEfor Cl 


| OP CODE for A6 l OP CODE for C2 
> OPCODEfor  A7 2 OP CODE for C3 
3. OP CODE for A8 ae 3 OP CODE for C4 


BASE WORD+2 0 OPCODEfor Bl BASEWORD+5 0 OPCODEfor C5 


1 OP CODE for B22 s—~é<“<i~*é‘;™SCS*S:SSCP CODE for C6 
2 OP CODE for B3 | 2. OP CODE for oy 
3. OPCODE for B4 3 SOP CODE for ~—s C8 


There may be more than one PK table in memory at a time. The LPKR instruction must be used prior 
to changing the functions of the PK’s in order to locate the base address of the new table. 


Example: 


PARAMETER 


ee GTH . + OR - 
[taser | oP. cove we ab 
[16 |17 16] 19 CEEDEE A> Pe rE Piet 


This example illustrates the use of an NK instruction to halt the program ead allow the operator to 
select a PK key. 


2.02.03 TYPEWRITER KEYBOARD INSTRUCTIONS — 


[> 


~ OP CODE 


LOAD KEYBOARD BASE REGISTER _ LKBR  —CLLABEL 


2.02.03. 


The LKBR instruction specifies the starting memory location into which information will be transferred 
for all succeeding TKM and EAM instructions. That is, until another LKBR instruction is executed. The 
A parameter addresses the starting word location in which the alpha characters will be stored. 


The keyboard base register contains the location that is loaded into it until a subsequent LKBR 
instruction loads a new location into it. 


This instruction is somewhat modified in firmware sets containing data communications capability. See 


Subject 2.12.03. 


Example: 


PARAMETER 
A ae 
{; d: Seeneene, ie 


+ OR - 
H 
LABEL OP. CODE GT LABEL INC/REL 


BUG Be a 


The instructions above will allow 25 alpha characters to be stored sequentially beginning in the memory 
location addressed by the label TYPE. 


OP CODE A 
TYPE 7 | TK 


0-150 15%” forms handler 
TK 0-255 26’ forms handler 

The type instruction provides for typing and printing as a maximum the number of alphanumeric 

characters as specified in the A field. The A parameter ranges from 0 to 150 for 15% inch forms handlers, 

while 26 inch forms handler styles provide for a 0 to 255 range. This instruction is terminated by 

depression of an OCK or an enabled PK. 

Printing of the first character will begin at the position of the print head. If printing in a specified area 


is required, the print head must be prepositioned to the beginning left-hand position of the print area 
before the typewriter instruction is reached in the program. 


If typing of more than the number of characters specified in the A field is attempted, the Error 
Indicator is lit, and further typing is prevented. The error condition can be corrected by depression of 
the Reset Key. If the Reset Key is depressed during a TYPE instruction without an error condition, the 
inst iruction will be re-initiated and the print head will return to the beginning typing position. 


PARAMETER 
raf eI 
ad LEN- BR 
GTH A 
OP. CODE LABEL Tey REL 


i paggogaugc oud co ISco09000 


LABEL 


The above coding will allow the computer to act as a typewriter for 9 alpha characters. | 
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OP CODE. A 


TYPE INTO MEMORY PRINT | TKM 0-150 15%” forms handler 
OS TKM 0-255 26” forms handler 


The Type into Memory instruction differs from the Type instruction in that in addition to printing 
alphanumeric information, the characters are also stored in memory. The space character is considered a 
print character and stores a code in memory. The codes for Backspace, Open/Close, Line Advance, 
~OCK’s and Program Keys are not stored in memory. © 


Example: 


PARAMETER 


LABEL OP. CODE 


ee ee 
fe [rf ER SEE ES EEDEE ES EETEL= 


A maximum of 31 alpha characters can be typed and a maximum of 32 alpha characters (31 alpha 
characters plus end of alpha code 0, 0) will be entered into memory. See LKBR instruction Subject 
2.02.03 

This instruction is somewhat modified in firmware sets containing data communications capability. See 
Subject 2.12.03 


The code, for each key depressed before instruction termination, is stored in memory with the first 
character stored in the most significant character location of the word specified by the keyboard base 
register. A single word can store 8 characters. 


ALPHA WORD ~— (8 characters) 


The depression of the backspace key effectively removes the last typing key code from memory. 
Backspacing will not occur past the first typing position. 


On a TKM instruction each word is cleared before any characters are entered. The unused portion of the 
word remains clear. If no typing is done and the TKM instruction is terminated by an OCK, the word is 
clear. If exactly 8 characters were entered and then an OCK was used, the next sequential word in 
memory would be cleared. If a TKM is used again, without another LKBR, the data will enter memory 
at the first position of the last LKBR. 


Note this is modified when used with Data Comm firmware. See SCP, Subject 2.12.03. 


2.02.03 (Cont’d-2) 


OP CODE | A 


ENTER ALPHA INTO MEMORY | EAM 0-150 15%” forms handler 
EAM 0-255 26” forms handler 


This instruction is identical to the TKM instruction except that printing does not occur. The print head 
does not escape. 
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2.03 — PRINT INSTRUCTIONS — 


2.03.01 MODES FOR PRINTING 


Instructions are provided to print in three modes: 
1. Alphanumeric printing of data either from keyboard entry or from memory. When printing in 
this mode, the field is left justified. 
| 2. | Printing of numeric data from Accumulator. In this mode printing is right justified. — 7 
3. Printing of a single character with the actual character specified by the instruction. A single 
character prints in the position indicated. 


2.03.02 LOAD POSITION REGISTER INSTRUCTION 


QPCODE = AD —- 
POS 0-150 15%” forms handler 
POS 0-255 26” forms handler 


The Position Register is loaded with the value of the A field. The A field ranges from 1 to 150 for 
15% inch forms handlers and 1-255 for 26 inch forms handlers. The position loaded in the position 
register corresponds with the actual position at which the printer will print. The print ball does not 
move until the program reaches an instruction which specifies that a character is to be printed, or until 
a keyboard instruction is reached. The print head escapes in 1/10 inch increments. | 


- PARAMETER 


SEQUENCE 


[29] 2] 6 [|] ]e>]2 2} 22 =|] 2] 2 2 | 272] 2 oa 


The above instruction will position at position 101 or 10 inches from position 1. 


2.03.03 PRINT ALPHANUMERIC FROM MEMORY INSTRUCTION 


OPCODE - + #£A 


PA LABEL 


2.03.01 


The Print Alphanumeric instruction prints alphanumeric information from memory beginning with the 
first character in the memory location specified by the ‘“‘A’’ field. Printing continues until an end of 
alpha code (0,0) is encountered, regardless of the number of words used. 


For the PA instruction, the ribbon will be in the normal (generally black) position, although it can be 
changed to the reverse position by other instructions. 
Example: 


Suppose the alpha characters MESSAGE (and an end alpha code) are stored in memory location SAVE 
and we desire to print the contents of this memory location. 


Initially, we position the print head. The second step is to provide for the actual printing. These two 
steps are programed. 


| tao AC~dEC ‘ew Cc | 
[we Tie | 
& PEP EE EE EE PEEP EERE PSP EE Es FEFFE 
revere 770 A, FO OO 


The printed message would appear at print position 95, left justified and read MESSAGE. 


2.03.04 LOAD PRINT-NUMERIC BASE REGISTER INSTRUCTION 


OP CODE 


[> 


LPNR | LABEL 


The Print Numeric Base Register is loaded with the value of the base address for the print mask table. 
All succeeding print instructions reference this table until another LPNR instruction is executed. The 
“A” parameter designates the base address of the print mask table. 


Mask words are grouped into a table in memory. A Print Numeric Base Register contains the base 


address or starting word of the table. The location of a mask word is specified by using the relative 
addresses O thru 15. 
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Example: 


PARAMETER, 


The Print-Numeric Base Register is loaded with the word number of the label (FORMAT). Relative 
address 0 would access the mask word in location FORMAT + 0 or DDD. a number 1 would be 
LLL. DD, (Spare + 1),-ete. ~~ 


ke maximum of 16 different masks can be referenced relative to the base address value in the Print 
Numeric Base Register. If more than 16 masks are required, the register must be reloaded with a new 
value before referencing the masks in the second table (by use of LPNR instruction), and then reloaded 
with the original value before Teusing any of the first set of 16 masks. If fewer than 16 masks are 
required, those words of memory never referenced as mask numbers may be used for any other purpose. 


2. 03. 05 MASK WORD (PRINT FORMAT: 


The mask Sables printing in varied founats, The mask word consists of control codes and control flags. 
The control codes are entered into the mask word in digit positions 0-14. They control the printing (or 
non-printing) and punctuation of each corresponding Accumulator digit. Mask flags are entered into digit 
position 15 of the mask word, and are used to modify the effects of the control codes. 


TABLE OF MASK CONTROL CODES 


NAME | CODE | PRINTING RESULT 
Digit oe ye ed D Accumulator Digit prints unconditionally. 
Decimal Point and Dieit ee .D — Decimal Point and Accumulator Digit 
| print unconditionally. 
Digit and Decimal Point _ D: Accumulator Digit and Decimal Point 
_ . print unconditionally. | | 
Digit and Comma | ; D, | Accumulator Digit and Comma _ print 
7 | unconditionally. 
Leading Zero Suppress Z | | Accumulator Digit prints if non-zero, or if 


a previous digit to the left was non-zero. 


2.03.05... *- 


TABLE OF MASK CONTROL CODES (Continued) 


NAME 


Leading Zero Suppress 
and Decimal Point 


Leading Zero Suppress 
and Comma 


Units of Cents 


Tens of Cents 


Terminal Zero Suppress 


Decimal Point and Terminal 
Zero Suppress 


Ignore Digit 
Ignore Digit End 


Single Digit Zero Suppress 


CODE 


ZL: 


PRINTING RESULT 


Accumulator Digit and Decimal Point 
print if digit is non-zero or if previous 
digit to the left was non-zero. 


Accumulator Digit and Comma print if 
digit is non-zero or if previous digit to the 
left was non-zero. 


Accumulator Digit prints if significant or 
if there is a significant digit to the right. 


Ignore if digit is zero and if significance is 
not established by either a preceding digit 
or a digit to the right. 


Decimal Point and Digit print if signifi- 
cant or if there is a significant digit to the 
right. 


Ignore if digit is zero and if significance is 
not established by either a preceding digit 
or a digit to the right. 


Accumulator Digit prints if non-zero, or if 
any digit to the right in this terminal zero 


‘suppression field is non-zero. 


Decimal Point and Digit print if digit or 
any succeeding digits in this terminal zero 
suppression field are non-zero. 


Ignore if the digit and all digits to th 
right in the terminal zero suppression field 
are Zero. 


Digit is ignored, printer does not escape. 


Digit is ignored, the print instruction is. 


_ terminated, printer does not escape. 


Digit prints if non-zero. Escape if zero. 


Digits to the right and left have no effect. | 
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- TABLE OF MASK FLAGS 


NAME CODE PRINTING RESULTS 
Safeguard | | _-F | When the Safeguard flag is set, the safe-. 


guard symbol ($) is printed to the left of 
| the most significant digit printed. © 
Suppress Punction + Print positions where commas or decimal 
points would normally be inserted are 
replaced by spaces. 


Punch Leading Zeros P _ No effect on printing, causes preceding 
zeros to punch even though they may not 
print, starting at the pointer. 


Print Condensed Numeric ae Monetary punctuation prints without 
causing printer cs Nequires PIP. 
hard ware. 


MASK WORD EXAMPLES: 


The examples below illustrate the filtering and control that a mask word and its control codes exert 
over the printing of each accumulator digit. 


Sample: Printing decimal fractions allowing for a 7-digit whole number and 3 decimal places: 


Example 1: 

a | pointer . whole number | . fraction 
Instruction: PN 9 1 OO ke field a feta — 
Accumulator: 0000000016501 2 0 
Mask 1: | | LED EEE TL Lax x x 
Printed Result: Z | : li 6 5 OL 2 


Mask 1 provides 1 field for whole numbers and 1 for decimal fractions: The “‘Z’’ and “‘Z,” mask codes 
establish a “leading zero suppression field’ from digit position 3 through the pointer in position 9, and 
the proper comma punctuation for whole numbers; thus, digit positions 7, 8, & 9 are suppressed because > 
they are not significant. The “X’’ and “.X” mask codes establish a “terminal zero suppression field” 
from digit position O thru 2 and provide the decimal point, thus digit position zero is suppressed 
because it is non-significant. 


Example 2: 

: | pointer en | whole A oe i 
Instruction: PN a a | or _ —— field field 
Accumulator: _ 000000001 6 5 09 0 9 
Mask 1: LLOD DEDEDE DIE eX 
Printed Result: | 1 6 5 0 


2.03.05 (Cont’d-2) 


Using the same mask word as in example 1, this illustrates the printing effect when there is no 
significant fraction value. The printed result being only a whole number. Also, as in example 1, digit 
positions 7, 8 & 9 are suppressed for lack of significance. In both examples, digit positions 10 through 
14 are ignored due to the pointer having been specified at position 9. 


As we will see due to the PN instruction, the mask need not fill the entire mask word. 


2.03.06 NUMERIC PRINTING INSTRUCTIONS 


Numeric values to be printed must be contained in the Accumulator and can have a maximum of 15 
digits. It is not possible to print numeric data directly from memory. 


OP CODE A B 


- PRINT NUMERIC PN 0-14 0-15 


The Print Numeric instruction prints the contents of the Accumulator with the ribbon in the normal 
(generally black) position regardless of sign. (Unless previously shifted by the RR instruction.) 


The “A” field contains the Accumulator digit position number for the most significant digit to be 
printed. This is independent of the print mask. All positions higher than the digit position specified are 
ignored and lost from printing. Since the Accumulator digit positions start with 0, to print out a 
maximum of 5 digits the ““A’”’ parameter should contain a 4. 


The “B” field of this instruction identifies the print mask to be used during printing. There is a 
maximum of 16 print masks per LPNR instruction so the B field contains a value from 0-15. The value 
referenced in the B field is a function of the mask table. (See LPNR instruction). 


OP CODE A | B 


PRINT NUMERIC, SHIFT RIBBON PNS— 0-14 0-15 
_ IF MINUS 
PRINT NUMERIC, SHIFT RIBBON PNS+ 0-14 0-15 — 


IF PLUS 


The PNS— and PNS+ instruction are similar to the PN instruction, the difference being: 


1. The PNS-— instruction shifts the ribbon if the sign of the Accumulator is negative. The PNS— 
instruction also allows for Print in Place Capability. The ability to print in place is actuated by 
the insertion of a Dash (—) in digit position 15 of the mask word. This will print the comma 
(,) and period (.) without letting the printer actually escape the 1/10 inch normally permitted. 
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2. The PNS+ instruction shifts the ribbon if the sign of the Accumulator is positive. 


Example 1: 


| PARAMETER 
tev re ee ee 


: : ) LEN- | 
CODE] SEQUENCE LABEL OP. CODE GTH LABEL 


LABEL OP CODE A B REMARKS 
NK a) 3 Enable Numeric Keys 
PN 8 ¢) Print Accumulator contents 


The contents of the Accumulator are printed beginning with digit position 8 and with the format 
dictated by print mask 0. | 


Example Ze 
PARAMETER 
os YS TO 
foo] sence om y mi 
SEQUENCE LABEL OP. CODE GTH it 
ae ce 


oe ab be Sp aD Seba SHEE 


LABEL | OP CODE 


A B ~ REMARKS 
NKR 5 3 Enable Reverse Entry 
PNS— 8 0 Print Shift if negative 


Printing will occur as in the above example, but the ribbon will Shift if. the Accumulator “‘minus’’ flag is 
set. | 
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2.03.07 SINGLE CHARACTER PRINT INSTRUCTIONS 


OP CODE A 
PRINT CHARACTER PC Character to be printed 


This instruction unconditionally prints the character specified in the ‘‘A”’ field. If the “‘A”’ field is blank, 
the instruction causes a single printer space operation. The PC instruction prints with the ribbon in the 
normal position (unless previously shifted. See RR instruction). 


OP CODE A 
PRINT CHARACTER PREVIOUS RIBBON PCP Character to be printed 


~The PCP instruction will print a character with the same ribbon position that was used on the last print 
operation. 


OP CODE A 
PRINT CHARACTER IF ACCUMULATOR — PC— Character to be printed 
MINUS, PREVIOUS RIBBON 
PRINT CHARACTER IF ACCUMULATOR | PC+ Character to be printed 


PLUS, PREVIOUS RIBBON 


Printing of these instructions is dependent upon the Accumulator sign flag (+ or —). The character 
specified in the “‘A’’ field is printed according to the following conditions: 


1. PC— Print if Accumulator negative (i.e., sign flag set); do not print if plus. 


2. PC+ Print if Accumulator positive (i.e., sign flag reset); do not print if negative. 


Example: 


PARAMETER 


SEQUENCE 
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LABEL = =——OPCODE_—C A B REMARKS 
is NKR age Mee, ire A 3 Allow deustive entry 
~PNS= ss 400 > O | Print amount 
PCH a Print if positive — 
ei : pee ss Print if negative — 


If thie: Accumulator contains a positive quantity, 1 | a 4 character will be printed. A negative content 
would produce qa. f.?? character. - : : | a ee 


2.03.08 RIBBON SHIFT INSTRUCTION } 


Printing of data aormally is with the ribbon color black, except for certairi print caenicupns that cause 
minus amounts to print in red. However, a ribbon shift instruction is also provided to change the normal 
color of printing. | 
OP CODE 
RED RIBBON  ———™ a RR 

The RR instruction is used to change the ribbon color of only the next printing instruction. The ribbon 
color will be opposite to the color normally expected from the data and type of the next print 
instruction. 7 | : 


Example 1: 


PARAMETER | 


‘LABEL = QPCODE = = A= B REMARKS 


i, NKR a Mia 8 Te So Allow negative entry 


: : ~ Reverse Ribbon 


The Recanulnte contents would ont scceninn4 to the PN 5 3 instruction but the ribbon would d change 
to the PERE color. The second oe 5 3 would not be affected by the RR instruction. Aue S 


2.03.08 . 


Example 2: 


PARAMETER 
fT TT oa 
— + OR 
SEQUENCE , GTH . — 
CODE! QUENC LABEL OP. CODE LABEL INC/ REL - 


CO eee eee lied cl sal lb la da lO la 
pts Outs | WKR | IB ed 


PNS+ ! o 
LABEL OP CODE A B REMARKS 
NKR 8 3 Allow negative 
RR Reverse Ribbon. 
PNS— | 10 0 Shift Ribbon “‘—”’ 
RR | Reverse Ribbon 


PNS+ 10 0 - Shift Ribbon “+” 


The effects of the PNS— and PNS+ instruction are reversed. 


2.03.09 POWER ON AND OFF INSTRUCTIONS 


Programmatic OFF-ON and manual ON for the Printer Power motor is applicable on the TC 700 series. 
The PON and POF macro instructions are available only in TC 700 main memory firmware sets. 


OP CODE 


- PRINTER POWER ON pon 


The printer motor, which also supplies power to the keyboard, will be started when the PON instruction 
is executed. If the motor is already ON, the PON will execute as a NOP. With the system main power 
ON and the printer power OFF, depression of the Printer Power ON button alone will Pena 
start the motor. 


NOTE: Power to the printer motor will always be ON at the initial tur on of the system. 
OP CODE 


PRINTER POWER OFF : POF 
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Power to the nate ieveoud). motor will turn off if the printer motor OFF button is being held 
depressed when the POF instruction is executed. 7 


The POF instruction will not cause power to the printer motor to be sine OFF unless die PeiliiSe Off 
button is depressed when the POF instruction is executed. The POF instruction will execute as a NOP if 
it is executed when the Printer Motor Off button is not depressed. | ei 


When the printer motor is OFF, the execution of the functions for printing, keyboard buffering, 
keyboard indexing, the forms handler, and alarm are prevented. Attempted execution of any of the 
preceding instructions will result in a system block. Attempted. execution of PON or POF on a machine 
not equipped with the Printer Motor OFF/ON buttons will also cause a system block. A systems block 
can be cleared only by depression of the Program Halt and Clear Button. 


LABEL § OPCODE  é= A. BO Cc -REMARKS | 
LOOP EX D 2 1 If message. has been received, 
«BRU ~ RECEIV | | process it. If keyboard buffer | 
SK B 3 1 is empty continue in loop. 
BRU KEYBRD > Printer power on button must 
POF | oe have been depressed for data. 
ss BRU LOOP | to be in keyboard buffer. 
RECEIV = PON | a _ Printer power must be turned 
| - LRBR O before PAB can be executed. 
PAB - 12 ~ a 
PM-OFF EX  &B 3 2 If the keyboard buffer is 
POF : empty execute the POF and 
BRU -— ~PM-OFF continue in the PRNTR 
~ LKBR TABLE - ‘motor off loop. Before the 
EAM 4 PM-OFF loop can be exited, 
NOTE | . 2 the PRNTR power on button 
NOTE a | must be depressed and data 


NOTE . es must be entered into the 
| keyboard buffer. 


2.03.09 (Cont'd) 


2.04 —- FORMS CONTROL INSTRUCTIONS 


2.04.01 FORMS HANDLER — OPEN AND CLOSE INSTRUCTION 


OP CODE A 
Open Forms Handler OC 0-255 rear feed handler . 
OC BLANK front feed handler 


The OC instruction is used to open the forms handler mechanism in order to permit the insertion or 
removal of a completed unit document. The A parameter is blank for front feed styles. For rear feed 
styles of the L/TC the A parameter of the OC instruction specifies the number of lines the left forms 
mechanism will advance when the handler mechanism is next closed. 


This closing may be from any of the following sources: 
1. The execution of a PN or PA instruction of any type. 


2. The entering of alpha information at a TK instruction. If a TK instruction were terminated by 
an OCK without the entering of alpha data, the handler mechanism would not close. 


ACC instruction. 


4. Manual depression of the open/close key on the keyboard. 


When programing for automatic alignment of rear-fed unit documents, the number that must 
be placed in the OC parameter must be 3 greater than the line number of the first actual line 
of print. 


To align a unit document to line number 14 


OP CODE | A REMARKS 
OC 17 Will align to 14 


Although the form aligns to line 14, the Count Register contains 17. Thus, it may be desirable 
to reload the Count Register with 14 before any further vertical spacing is performed. 


OP CODE 


Close Forms Handler | CC 


The CC instruction closes the forms handler. This instruction generally is not required since execution of 
any print instruction or depression of a typing key during a type instruction will automatically close the 
forms handler. A 


If the handler is open as the result of executing an OC instruction, when the CC instruction is executed, 
the Left Forms mechanism will advance the number of times specified by the OC instruction. 
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| LLCR LRCR LLLR 


AL AR _ ALR ALTO 


2.04.02 PLATEN CONTROL REGISTER INSTRUCTIONS 


OP CODE A 


LOAD LEFT PLATEN COUNT REGISTER LLCR 0-255 
LOAD LEFT PLATEN LIMIT REGISTER LLLR 0-255 
LOAD RIGHT PLATEN COUNT REGISTER LRCR 0-255 
LOAD RIGHT PLATEN LIMIT REGISTER | LRLR 0-255 


The programmer is provided with four platen control registers to control vertical spacing. These are the 
Left and Right Forms Count Registers, and the Left and Right Limit Registers. In addition, there is a 
Forms Limit Flag. 


_A forms count register is associated with each platen advance mechanism. This register is automatically 
incremented by 1 each time the respective (left or right) platen is advanced a line either program- 
matically or by use of the Line Advance Key. 


A foun limit register is also associated with each platen advance mechanism. This register contains a 
limit to which the forms count register can be compared. | : 


The LLLR and LRLR preset the forms limit renisters to a specified fine: The count enn will be set 
to | (not QO) on the next line advance after the respective limit and count one are equal. 


On the line advance following when the. count register Sails. the corresponding limit’ aversten the forms 
limit flag is set. The limit flag becomes reset on the next line advance. 


LLLR = 50 
LLCR = 50 


On the next line advance the left count register equals 1 and the Forms Limit Flag will be set. 
The next line advance (2nd after LLCR = LLLR) resets the flag. 


The execution of a LLCR or LRCR will reload the appropriate count register. The count register is not 
incremented when the platen is advanced by the platen twirlers. . 

The LLLR and LRLR instructions load the Left and em Platen Em Registers respectively with the 
contents of the “A” field. — 


2.04.03 LINE ADVANCE INSTRUCTIONS 


OP CODE A 


ADVANCE LEFT PLATEN ee AL 0-255 
ADVANCE RIGHT PLATEN AR 255 
ADVANCE BOTH PLATENS  =——(asi‘“‘“‘i;!.OC; UALR 0-255 
ADVANCE LEFT PLATEN TO - fe , + ALTO 1-255 
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-LLCR LLLR  LRCR- LALR| 


| AL AR ALR ALTO ARTO 


The AL, AR, and ALR instructions advance the form the number of lines specified by the “A” 
parameter. These provide a single line advance with a maximum advance of 255 lines. The vertical spaces 
occur in the 1/6 inch increments. The respective count PeeISter is incremented oy 1 for een single line 
advance. 


-OPCODE A 
AL _  ] 


The form will advance 1 line. The Count Register will be incremented by 1. 


The ALTO and ARTO instructions advance a form until the associated count register is qual to the 
value of the “‘A’’ field. If the Count Register equals the line number specified in the ALTO or ARTO . 
instruction prior to its execution, no advance occurs. Specifying “0” or an integer larger than the 
contents of the Limit Register in the “A’’ parameter of the ALTO/ARTO instruction is a programing 
error. This will result in a continuous search for a line number that does not exist. 


1. To determine the number of lines which will be advanced, subtract the Count Register from 
the value of the “A”’ parameter in the ALTO or ARTO instruction. If positive, this will be the 
number of lines advanced. If negative, assume this number is positive, then subtract from the 
value of the Limit Register to ascertain the number of lines advanced. 


a. _ OP CODE A. REMARKS 
-LLLR 2) Load Left Limit Register — 
LLCR : 20 | Load Left Count Register 
ALTO. 3 | Advance to line 3 
Value of ALTO parameter — Value of Count Register 
3 ~ 20 = 299 


Since negative assume positive (i.e., —17 = 17) 
Value of Limit Register — 17 = 
| 255 = 17 = 238 


There will be an advance of 238 lines. 


b. OP CODE A REMARKS | 
—LLLR- 255 Load Left Limit Register 
~ LLCR 20 Load Left Count Register 
- ALTO 25- Advance to Line 25 

Value of ALTO parameter — Value of Count Register = 

25 = 20 = 5 


Since resultant is positive, there will be 5 line advance. 


2.04.03 (Cont’d-1). 


LLCR LLLR- LRCR- LRLR | 


AL AR ALR’ ALTO ARTO | 


9. -_ OP CODE | A 
LLLR 30 
ALTO 5 


Assume contents of Left Count Register = 20, when ALTO command is executed. This is an example of 
the type of programing employed when using pin fed continuous forms with the requirement that the 
program automatically advance from the last line on one form to the first line of a new form. 


The form advances 10 lines, then the LLLR = LLCR, on the next line advance the Count Register is set 
to 1. Advancing continues for 4 more lines to line 5 of the new form. In this case, the last line on the 
form would be line 30. 


Another method of continuous forms programing utilizes the forms limit flag. 
Example: 


Suppose we have the following form: 


Line 1 

First Print Line 
Last Print Line 
Last Line on Form 


The following programing will advance the form automatically when the forms limit flag is set. 


OP CODE A B c 
LLLR | 40 
LLCR 0 

AL ] 

EX T 
ALTO 17 
LLLR 6 


The following illustrates the use of the Limit Register to enable the program to know when 40 lines 
have been filled on the invoice. The total length of the invoice is 8% inches (8.5 x 6 = 51 lines). The 
first onne! line is 14 as measured from the top of the form. 
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-LLCR=«sLLLR’. =LRCR~sLRLR | 


| AL AR ALR ALTO. ARTO | 


OP CODE ae A , 
LLLR Fas 7 
LLCR 7 

Oc .. e 

TKO 10 


When ‘the forms handler is closed, the: form will advance 17 lines.. The. First ere ines increment the 
Count. Register to 40, the next. advance will set the Count Register to 1. After an advance of the 


remaining 13 lines; ‘the Count. Register will be at 14. This is the actual. first print line, and the number 
wanted in the Count it Register. 
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- 2.05 — ARITHMETIC INSTRUCTIONS 


2.05.01 ADDITION INSTRUCTION 


OP CODE A 
ADD TO ACCUMULATOR ADA LABEL 


ADD TO MEMORY | ADM LABEL 


The ADA instruction provides for adding the contents of a memory location, specified by the A field to | 
the contents of the Accumulator. The resultant sum is placed in the Accumulator leaving the memory 
location undisturbed. = 


The ADM instruction provides for adding the contents of the Accumulator to the contents of the 
memory location specified in the A field. The resultant sum is placed in memory location A leaving the 
Accumulator undisturbed. 


The overflow flag is set if an overflow occurs and reset if there is no overflow. 


The ADA and ADM commands cannot be used to move alpha data, even if the receiving location is 
clear. 


Example I: 


PARAMETER 
‘= ce Sareea (RE Tel 
~ : 


OP. CODE GTH LABEL 


OP CODE A B REMARKS 
ADA AREA Add to Accumulator the contents of Area, content 
of Area is unchanged. 
Example 2: 


| = er een KOON aI [ree 
a 
RIS Seal naa sea ala 
To WOM Ty TAR@A tt 


OP CODE A B REMARKS 
ADM AREA Add to memory location Area contents of 


Accumulator leaving Accumulator unchanged. 
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2.05.02 ADD CONSTANT TO ACCUMULATOR INSTRUCTION 
-OPCODE A ~~ B 
ADK 0-14 0-9 


The ADK instruction provides algebraic addition of the digit contained in the B field to the digit in the 
Accumulator position specified by the A field, with carries propagated in ‘succeeding high order digits. | 


The Special (S), per thousand (M) and per hundred (C) flags are unconditionally reset. 
The sign flag is reset (+) if the result is positive or set (—) if negative. 


The overflow flag is set if an overflow occurs and reset if there is no overflow. 


Example: | | | 
| 
- | | A [oe [cl 
LABEL OP. CODE LABEL 42 aa 
DUC O DA ESSSCEc CHC ScREcoemacmnccs 
Pere Shee eee eee: See eee 
OP CODE A B REMARKS 
ADK 6 3 Add 3 to digit position 6 in the Accumulator. 
2.05.03 ore INSTRUCTIONS 
CLEAR MEMORY WORD CLM —_—LABEL 
CLEAR ACCUMULATOR AND INSERT CONSTANT © CLA = 015 = O15 


The CLM instruction will clear the 16 digits of the memory location specified in the A field. 


The CLA instruction sets all 16 digits of the Accumulator to zero, thus resetting the four Accumulator 
flags (M, C, special, and sign); it places the digit specified by the B field in the digit a of the 
Accumulator specified by the A field. _ =. 


It iS eoitant to notice that the B en although expressed as 0-15 on the coding form, is Placed 
in the Accumulator as a hexadecimal digit (O-F) rather than two decimal digits. 


Arithmetic Sperone can only use the values from 0-9 in any digit position. ARY values over 9 will not 
arithmetically combine. 


2.05.02 


Example |: 


PARAMETER 
(1 a Ses ae ae CF 


LEN - 
H . 
LABEL OP. CODE GT LABEL INC/REL 


16 17s [2 2 2a 2s] sz 2] 91] 52 2 | 352750200] ]ez] [ss 
Poi kM | AREA | | | 


OP CODE A B REMARKS 
CLM AREA The Memory location called Area will contain all 
Zeros. . 
Example 2: 


PARAMETER | 


| + 
H 
PFE SEE ES Eee EPP ees >EPE|= EP 


[CUAL | 


OP CODE A B REMARKS 
CLA 0 0 The Accumulator contains zeros in positions 0-15. 


2.05.04 INSERT CONSTANT IN ACCUMULATOR INSTRUCTION 


OPCODE A 8B 
INSERT CONSTANT IN ACCUMULATOR INK 0-15 0-15 


The INK instruction inserts the digit specified by the B field in the digit position of the Accumulator 
specified by the A field. The remaining digit positions are unaffected. 


Similar to the CLA instruction the B parameter field in this instruction also ne entry of a value . 
from 0-15. Again this is a hexadecimal value rather than a decimal value. | 


Arithmetic operations can only use the values 0-9 in any digit position. Any values over ? (ie., A-F) will 
not arithmetically combine. | | 


Example: 


PARAMETER 


+ OR— 
INC/REL 
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REMARKS. ae eae 
INK 


OP CODE A B : : 
ge 3 The digit 3 will be placed in Accumulator * digit 


position O replacing the previous contents of 
Accumulator digit position 0. . | 


2.05.05 MULTIPLICATION AND DIVISION INSTRUCTIONS 


OPCODE A 
LOAD SHIFT REGISTER | | LSR 0-15. 


The LSR instruction provides for loading the multiply-divide shift register with the contents‘ of the A 
field. The shift register must be loaded prior to the execution of a Multiply or Divide instruction. The 
shift register will contain the value loaded until a subsequent load shift register command is executed. 

For multiplication, the shift register designates the number of places the product is shifted right after 
multiplication. The shifted off digits are lost, the remaining digits set in the Accumulator as the. product. : 
Division will be carried out to the number of places specified in the shift register. These operations take 
into account the shift register even though it is not loaded immediately preceding each MUL or DIV 
instruction. The contents of the shift register must be changed only when. the shift requirements are 
changed. 7 = ici 8 


a PARAMETER 


+ OR - 


aaa INC/REL 


_ OP CODE A a et REMARKS 
LSR Gog, 4 a OS Load shift register with 3 


Computing the Value of the Shift Register 


FOR MULTIPLICATION—To compute the value which must be loaded in the shift register, subtract the 
desired number of decimal places in the final result from the. sum of decimal places in the multiplier and 
multiplicand. 7 | 


Number of places a Number of places oa. Desired Number — _ Value of 
in multiplier in multiplicand = of places Shift Register 
Z + 2 — <= 3 


Accumulator contains 250 in digit positions 0-2, when printed with one decimal this becomes 25.0. 


2.05.05. 


FOR DIVISION—The value to be loaded into the Shift Register can be determined with a knowledge of 
the assumed decimal places needed in the quotient as well as the divisor and dividend. 


_ Assumed decimal Assumed decimal _ Assumed decimal _ Value of 
places in divisor places quotient places dividends Shift Register 
25 100.00 25.0 
2 + 2 — ] = 3 
OP CODE A 
MULTIPLY | ~ MUL LABEL 


The multiply instruction provides for multiplying the contents of the Accumulator by the contents of 
the memory location specified in the A parameter. The product is shifted right the number of places 
specified in the multiply — divide shift register, causing the shifted off digits to be lost. The next 15 low 
order digits are placed in the Accumulator as the product. 


If the Accumulator and the memory location in the A parameter have identical signs, the sign of the 
product is positive [Accumulator sign flag is reset (+)]. With unlike signs, the product is assigned a 
negative sign [Accumulator sign flag is set (—)]. 


Both the Accumulator and the memory location can contain a maximum of 15 digits each. If the 
product contains more than 15 digits after shifting occurs, the excess number of digits are lost and the 
overflow flag is set. The flag is reset otherwise. (In the event of an overflow there is not an indication 
light). 3 


If the possibility of an overflow condition exists, the program should provide for interrogating the flag 
to determine if a corrective routine should be employed. | 


The number of significant digits in the multiplier (memory location in the A field) determines the length 
of time for the execution of the multiplication instruction. The number of digits in the multiplicand 
(Accumulator) has no effect on the timing. 


Example: 


PARAMETER | 


OP CODE | A | REMARKS 


MUL | PRICE Multiply Accumulator by PRICE 
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| | | OP CODE A 

MULTIPLY AND ROUND | | MULR ~ LABEL 
The MULR instruction is the same as the MUL instruction except that a 5 is added to the last digit 
which was shifted off in the product. The product contained in the Accumulator is increased by 1 


(decreased if —) if the last digit shifted off was greater than or equal to 5. If the shift register value is 
zero, there will be no rounding. 


OP CODE | A 
DIVIDE | DIV LABEL 


The DIV instruction divides the contents of the Accumulator by the contents of the memory location 
specified in the A field. The quotient is placed in the Accumulator. After division has been carried out, 
_ the number of decimal places specified in the shift register, any remainder is placed in working memory 
(in the control area). (See REM instruction.) 


Example: 


| PARAMETER 
oe omnene Seniesa Ses TE 
mat + OR 
H . 
LABEL OP. CODE GT LABEL INC / REL “ 


hai “PE EPPS PPPp peeps “ERS 


OP CODE | A REMARKS 
DIV TOTAL Divide Accumulator by TOTAL 


Both the Dividend and the Divisor may contain up to 15 digits. If the signs of the operands are alike, 
the sign of the quotient is positive (accumulator sign flag is reset +): if the signs are unlike, the sign of 
the quotient is negative (accumulator sign flag is set —). The remainder is always positive. 


Example 1: 
OP CODE A 

LSR 5 

DIV 200 
Accumulator (dividend) = | 100 
Memory location 200 (divisor) = 3 
Multiply-Divide Shift Register = 5 
Accumulator (quotient) = 3333333 = printed with decimal = 33.33333 
Remainder = | printing of decimal provided by 


print mask. 


2.05.05 (Cont’d-2) 


DIV 


The division process treats the contents of the Accumulator and the specified memory location as whole 
numbers, even though they may have “‘assumed”’ decimal points; for example: 6 , 25 + 5 , 00 produces 
a quotient of 1 and a remainder of 125 if the shift register has a zero value: 


Accumulator (dividend) = 625 

Memory location 200 (divisor) = 500 

Shift register = 0 

Accumulator (quotient) = | = , could be printed as “‘1”’ or “‘1.’’. Since 
Remainder = 125 : it is in first digit position, any other 


decimal places shown in printing would 
require shifting it left such as to permit 
“1.0000” 


Thus, since division halts once the dividend can no longer be divided, the shift register must contain a 
value equal to the number of decimal places desired beyond what the “whole numbers” themselves 
would provide. In the above example, by giving the shift register a value of 4, the quotient reflects the 
““assumed”’ decimal values: 


Accumulator (dividend) = 625 

Memory location 200 (divisor) = 500 

Shift register = 4 | 

Accumulator (quotient) = 12500 (printed with decimal = 1.2500) 
Remainder = 0 | 


The value to be loaded into the shift register can be determined in the following manner with a 
knowledge of the “‘assumed”’ decimal places needed in the quotient as well as the dividend and divisor: 


assumed decimal assumed decimal assumed decimal Value of 
places in PLUS places in LESS ls in SHIFT 


DIVISOR QUOTIENT DIVIDEND REGISTER 
Ex: 5, 00 1, 2500 6, 25 
2 + 4 2 = 4 


If the quotient after final shift exceeds 15 digits, the overflow flag is set; otherwise the flag is reset. The 
size of the quotient can be estimated and a prediction of possible overflow made if the following rule is 
used: 


“Add the MAXIMUM size DIVIDEND to the Value of the SHIFT REGISTER plus 
1, subtract the MINIMUM size DIVISOR and that equals the MAXIMUM size 
Quotient possible.” | 


The rule is in terms of the number of significant digits expected in each operand including intervening 
and terminal zeros, and without regard to “‘assumed”’ decimal places. 
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Example 2: 


Maximum size | Value of — Minimum size Maximum size 


DIVIDEND + 1 +  SHIFTREG. -—  DIVISOR = QUOTIENT 
Ex: (9999) (2) Q) (999900) 
i, (3) (100), (99990) 
4 if & 3 — 3 i ore 5 


When an overflow occurs, the division is halted and the result in the Accumulator is meaningless 
(reflects some stage of partial quotient development). 


2.05.06 SUBTRACT INSTRUCTIONS 


| » 7 - OPCODE A } B 
SUBTRACT FROM ACCUMULATOR | SUA. LABEL 
SUBTRACT CONSTANT FROM ACCUMULATOR = SUK_— 0-14 0-9 


The SUA instruction eiovides for binning: the contents of the memory location specified by the A 
field from the contents of the Accumulator. The difference is placed in the Accumulator leaving 
memory location A undisturbed. 


The SUK instruction provides algebraic subtraction of the digit contained in the B field fon the digit in 
the Accumulator position stated in ‘the A field with carries propagated in succeeding high order digits. ( 
The special (S), per thousand (M), and per hundred (C) flags are unconditionally pesekey The overflow 
flag is set if an overflow occurs and reset if there is no overflow. 


Example 1: 


PARAMETER 
p45 2 te 


LABEL OP. CODE GTH LABE + OR — 
as INC/ REL 


OP CODE A BB REMARKS 


SUA AREA Subtract the contents of the memory location 
called Area from the Accumulator. 


Example 2: 


PARAMETER 
}—__4 | sie 


2.05.06 © 


OP CODE A B REMARKS 
SUK 0 2 Algebraic subtraction of the integer 2 from the 0 
digit position in the Accumulator 
OP CODE A 


SUBTRACT FROM MEMORY SUM LABEL 


The SUM instruction provides for subtracting the contents of the Accumulator from the contents of the 
memory location specified in the A parameter. 


The difference is placed in the given memory location, leaving the Accumulator unchanged. 


Example: 
LABEL op. cope | GTH LABEL. ea ee ie 
aeea 
OP CODE A Bo REMARKS 
SUM AREA | Subtract the contents of the Accumulator from 


the memory location called Area. 
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_ 2.06 ~ DATA MOVEMENT INSTRUCTIONS 


2.06.01 TRANSFER INSTRUCTIONS 


OP CODE A 


~ TRANSFER TO THE ACCUMULATOR | TRA LABEL 


The TRA 


TRANSFER TO MEMORY —t#w™” | -TRM LABEL 


instruction provides for transferring the contents of the memory location specified in the A 


field to the Accumulator, keeping the contents of the memory location unchanged. 


The TRM instruction provides for transferring the contents of the Accumulator to the memory location 
specified by the A field. There is no change in the contents of the Accumulator. 


Example 1: 


PARAMETER 
ee le! 
) rat + OR - 
LABEL P. D GTH . - 

B OP. CODE | LABEL INC/REL 


tJ fo 2 2 fom 27 2) 2021] 2 2s] 202722 fo] as] ee] a [oes 
Loi TRA | AMeA | | 


OP CODE 


A B REMARKS 
TRA. AREA | Transfer the contents of memory location Area to 
Accumulator. Memory location unchanged. 
| Example 2: 


PARAMETER 
ae eee ee 


OPCODE = A 8B _ REMARKS 
TRM _ AREA ee Transfer the contents of Accumulator to memory 


location addressed by label area. 


.. OP CODE 


TRANSFER REMAINDER TO ACCUMULATOR REM 


The REM instruction transfers the remainder of a division operation to the Accumulator from the 
control area. The transfer will reset all Accumulator flags. 


Example: 


PARAMETER 
A ae ee re 


+ OR - 
INC/REL 


2.06.02 SHIFT ACCUMULATOR INSTRUCTIONS 
OPCODE A B 
SHIFT OFF SLRO 0-14 0-14 


The SLRO instruction first causes the 15 digits of the Accumulator to be shifted left the number of 
positions specified by the A field. Any non-zero digits shifted off causes the overflow flag to be set. If 
the digits shifted off are zero, the flag is reset. | 


The 15 Accumulator digit positions are then shifted right the number of positions specified by the B 
field. Any non-zero digit shifted off does not set the overflow flag. Rounding is not performed. The 
shifted off digits are lost. 


| Example: 

The Accumulator contains | | | 
spp poP lpr p el 
_jite}ststs{oi7{sjots|7jols}a 


Lrtag Position _ = 
Examine the results when we execute the following instruction: 


(0 ACCUMULATOR DIGIT POSITION | 
VALUE | 


'. PARAMETER  - | | 
gS 
ils B | 


ABE . co GT jen ER 
LABEL OP. CODE LABEL Moree 


ee 
[+7 |] [222 fa] sz a | 0212] nfs || 27] | 20] [a] a] 43 [oe] fo 
Posi SORA | IH Bt Ty 


OP CODE | A | 


SLRO se | «6 | 
: | | Revised 3-29-71 by | 
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After the 5 in the A parameter is executed the Accumulator contains 


s[ra|is|i2[i fro fo | | [6 [5 [4 [3 [2 [1 | 0 | accumutaror pictr posrrion 
SORE BBR B OOOOH G VALUE 


Flag Position 


The overflow flag is set. 


_ Then the contents are shifted right 


poppe 


Flag Position 


oY) 


lel Tel[e[ —_vavor 


OP CODE A B 
SHIFT Oe witn SHEN : e ¢ (= SLROS 0-15 0-15 


The SLROS instruction is the same as the SLRO instruction except that the sign position iS also tee: 


This instruction may be used to shift alpha isiornaton:.-. | 


2.06.02 (Cont’d) 


2.07 — FLAG INSTRUCTIONS 


2.07.01 CHANGE FLAGS INSTRUCTION 


OP CODE A B 
CHG | AKX 1234 
YRP -SCM 


The CHG instruction reverses the condition (set or reset) of selected flags of any one flag group. A set 
flag is reset, a reset flag is set. 


The flag group is onan in the A field and iSpresented as: 


DESIGNATION FLAG GROUP 


Accumulator Flags (—, S, C, M) 

Operation Control Key Flags (1, 2, 3, 4) 
General Purpose Flags (1, 2, 3, 4) 

General Purpose Flags (1, 2, 3, 4) 

Reader (Paper Tape or Card) Flags (1, 2, 3, 4) 
Punch (Paper Tape or Card) Flags (1, 2, 3, 4) 


mw AM MAM LP. 


The flags to be changed are represented as symbols or numbers in the B field. Any or all of the fom 
flags of a flag group may be changed; all other flags in the group not changed are left unaltered. 


Example: 


PARAMETER 


LABEL OP. CODE LABEL INC/REL 


2.07.02 LOAD FLAGS INSTRUCTION 


OP CODE A B 


LOD AKX 1234 
YRP —~SCM 


The LOD instruction provides for setting selected flags of any one flag group. The A field designates the 
flac group to be set (refer to CHG instruction). The flags to be set are designated by numbers or 


symbols in the B field. Any or all of the four flags in a group may be set. All other flags in the group 
not set, are reset. 
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Example: 


_ PARAMETER ) 
ae 


+ OR - 


LABEL OP. CODE INC/REL 


LABEL 


OP CODE | A 8B | REMARKS 


~ LOD 7 X 23. + | General purpose (group X) flags 2,3 are set, the 
other X flags are reset. 


2.07.03 RESET FLAGS INSTRUCTION 


OP CODE A | B 
RST AKX 1234 
YRP —~SCM 


An RST instruction resets selected flags of any one flag group. The flag group is designated in the A 
field. (See CHG instructions for flag group designation.) The flags to be reset are specified by numbers 
or symbols in the B field. Any or all of the four flags may be reset. All other flags not reset are left 
unaltered. 


Example: 


PARAMETER 
1 A SO 
oe, LAT EMO rm 
H 
OO SaS2SCO7 TOE DA0000 92000003 


OP CODE A 8B REMARKS 
RST A — The “‘minus”’ flag of the Accumulator flag group 


is reset. ALL others are left unaltered. 


2.07.04 SET FLAGS INSTRUCTIONS 


OP CODE A B 
SET AKX 1234 


YRP -SCM 


The SET instructions sets selected flags of any one flag group. The flag group is designated in the A 
field. (Ref. to CHG instruction for flag group and designation.) The flags to be set are designated by 
number or symbols in the B field. Any or all of the four flags of a group may be set. All other flags 1 in 
the group not set, are left pute 


2.07.03 


Example: 


PARAMETER 


FIELD 


OP CODE A BO. REMARKS 
SET K 3 The OCK flag 3 is set, other flags are unaltered. 
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(2.08 — INDEX REGISTER INSTRUCTIONS 


| 2.08. id LOAD INDEX REGISTER INSTRUCTION 


(OPCODE AB 
LIR) 1-40-2555 


The LIR instruction loads the value contained in the B field into the index register indicated in the A 
parameter (1, 2, 3 or 4). The B parameter can be any positive value from 0 to 255. The prior contents 
of the index register are destroyed. 


2.08.02 ADD TO INDEX REGISTER INSTRUCTION 
OPCODE A B 
-ADIR- ‘1-4 0-255 
The number contained in the B field is added to the contents of the naes coving: (1, 2, 3 or 4) 
indicated by the A parameter. The B field contents and the index register contents are always positive. 
If the sum of the index register contents and the B field number equal 256, the register is reset to 0. If 


the sum is greater than 256, only the overflow is retained in the index register. In both cases, the 
overflow causes the Index Register Flag to be set. If the sum is less than 256, the flag is reset. 


Example: Index Register 1 contains 225. 


PARAMETER . 
A fateh 


7 + OR- 
H 


OP CODE A B 


ADIR bo 


After execution of the above command, the contents of Index Register 1 is equal to 4 (225 + 35 — 
256 = 4). The Index Register Flag is set. 


2.08.03 DECREMENT INDEX REGISTER INSTRUCTION 
-OPCODE A B 
DECREMENT INDEX REGISTER oe - ° po DIR 7 a 0253 


The DIR. instruction. decreases by F the Contents of the ities see aesoasted by the A field. If the 
2.08.01 


index register contains 0, a decrement causes the value 255 to be entered into the register. The B field 
designates a value which is compared to the contents of the index register. 


If the contents of the index register, designated by the A field, is equal to the value of the B field 
before decrementing is effected, the Index Register Flag is set after execution. If an unequal condition 
exists, the flag is reset after execution. Thus, if the flag is set during one decrementing, it will be reset 
during the next. For that reason, it becomes necessary to test this flag after each decrementing. 


The value of the B field does not halt decrementing or turn the register back to 0, once decrementing 
has reached that limit. | 


2.08.04 INCREMENT INDEX REGISTER INSTRUCTION 


OPCODE A B 
IIR 1-4 0-255 


The IIR instruction increases by 1, the contents of the index register denoted by the A field. If the 
index register contains 255, incrementing causes the register to become O. The B field designates a value 
which is compared to the contents of the index register. | 


The Index Register Flag is set and reset as in the DIR instruction. 


Example: Use of Index Registers to terminate a loop (see SK instruction). 


LABEL OP CODE A B | Cc 
LIR 2 0 

BEGIN MOD 9 
TRA TABLE 
IIR | y, 9 
SK L. 1 
BRU BEGIN 


2.08.05 TRANSFER ACCUMULATOR CONTENTS TO INDEX REGISTER 


OP CODE A 
TRANSFER ACCUMULATOR TO INDEX REGISTER _— : TAIR 1-4 


The TAIR instruction transfers the contents of the Accumulator to the register indicated by the A field. 
The prior contents of that index register are destroyed. The value of the Accumulator is treated as an 
absolute number, regardless of any “‘assumed” decimal places during entry in the Accumulator, and 
regardless of the setting of the Sign Flag. 
: = Revised 3-29-71 by 
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Since’ an “index. register has a ‘capacity of 255, an “Accumulator value greater than 255 that is iranetened 
to an index register will be accepted as that amount that exceeds the nearest multiple of 25 6 (maximum 
of 1024). | | 
Example: 

If the a contains 298, then 2 is ene (258. — 256 = 2). | 

Tt the Apeeenntate: contains a then 13 is transferred (525 — @ xX 256) )= 13), 
2.08. 06 MODIFY BY INDEX REGISTER INSTRUCTION 

- OP CODE A 


MOD 1-4 


The MOD ; ingtniceon cvnieek for adding the value in the ‘nian register acai by the A field to the 
parameter (or parameters) of the next instruction in program sequence following the MOD instruction. 
The instruction following MOD is then executed in accordance with the combined parameter values. 


The MOD instruction does not change the instruction stored in memory. Modification occurs during the 
execution of the instruction, as the parameter is extracted from the instruction and placed in’a special 
register. The MOD instruction affects the execution of only the one instruction immediately following. | 


Example: 1 


PARAMETER 
A 


iapusain 


Assume Index Register Number 1 contains 50 


OP CODE A 
MOD | 1 
POS | 7 


The index ceesiek value of 50 combined with the value a the A ‘avaietes for the POS instruction 
causes the printer to pomom to 57 (7 + 50). 


Although the MOD instruction is most generally used to modify those instructions which address word 
locations in memory, it may also be used to modify the parameters of most other instructions. The 


2.08.06 | 


contents of the index register are added to the parameter field to modulo 256. Modulo 256 means that 
if the index register (maximum capacity of 256) when eae 1g the parameter field (also a maximum 
capacity of 256 in machine language), exceeds 256, a “‘carry”’ of 1 is generated and the eXCess value 
starts back to 0. 


Example: 2 


An index register with a value of 150, when added to an AL 200, generates a “carry” of 1 and a 
remaining parameter of 94 (350 — 256 = 94). The carry is propagated to machine language operation 
code. Because of this, caution must be used in moditying most instructions since a “‘carry’’ may 
improperly modify the Op Code. | 


Different types of instructions will have the A parameter, or the B parameter, or both the A and B 
parameters modified. Some instructions cannot be modified. 


The contents of the index register specified by the MOD instruction are added to the A parameter. If 
the combined value exceeds the range shown for each instruction parameter, either a “carry” will 
generate a new instruction, or the instruction will otherwise be improperly modified: 
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OP CODE 
ADA 
ADM 

~ AL 
ALR 

ALTO 
AR 
ARTO 
BRU 
CLM 
CPA 
DIV 


DUP © 


EAM 
IRCP 
LCD 
-LCFR 
LKBR 
LLCR 
LLLR 
-LPKR 
-LPNR 
LRBR 
LRCR 


A 


LABEL* 


LABEL* 
0-255 
0-255 
0-255 

0-255 

0-255 

LABEL* 

LABEL* 

LABEL* 

LABEL* 

1-80 
0-150 
0-255 


0-255 — 


LABEL* 
LABEL* 
0-255 
0-255 
LABEL* 
LABEL* 
LABEL* 
0-255 


- TABLE 


LRLR 
LSR 


MUL 
MULR 
Oc 
PA. 
PAB. 
PBA 
POS 
RCP 
REAM 
RTK 
RTKM 
RXEAM 
RXTK 
RXTKM 
SCP 
SKP 
SRJ 
SRR 


Instructions in which only the A parameter is modifiable. 
| _ OP CODE 


0-255 
0-15 


LABEL* 


LABEL* 
0-255 
LABEL* 
0-150 
1-16 
1-150 
1-255 
0-150 
0-150 
0-150 
0-150 


0-150 


0-150 
1-255 
1-80 
LABEL* 
1-4 


SUA 
SUM 
TAIR 
TK 

TKM 
TRA 


TRBA 
TRCA 
TRCM 
TRE 
TRM 
TSB 
XA 
XB 
XBA 
XEAM 


OP CODE 


~TRAB 
TRB 


XMOD > 


XPA 
XPBA 
XTK 
XTKM 


= 
LABEL* | 
LABEL* 

1-4 
0-150 
0-150 


_LABEL* 


0-15 
I-15 
0-16 
1-16 
1-16 
0-255 


LABEL* 


1-15 
LABEL* 
0-255 
1-16 
0-150 


LABEL* 
1-16 
0-150 
0-150 


*The memory address referenced by the LABEL will be incremented by the value of the index register. | 


In the following instructions, only the B parameter field is modified; other parameter fields are 
unmodified. The contents of the index register is added to the B parameter of the instruction. If the 
combined value exceeds 255, either a “‘carry” will create a different instruction, or the instruction will 
otherwise be improperly modified. | | 


TABLE 


Instructions in which only the B parameter can be modified. 


OP CODE A B 
ADIR | 1-4 0-255 
DIR | oe 1-4 0-255 
IIR 14 0-255 | 
0-255 | 


LIR 14 


2.08.06 (Cont’d-2) 


A. ONE PARAMETER CAN SPECIFY ONE OR MORE ITEMS. For some instructions the A and B 
parameters represent a binary pattern to the machine. The PKA, PKB instructions as well as the LOD, 
SET, RST and CHG flag instructions are programed by listing the digits 1-8 (in the case of the PK 
instructions) and 1-4 (in the case of the flag instructions) in the A, B or A and B parameters for the 
desired pattern. 


The EX, EXE, SK and SKE instructions are programed by listing the digits 1-4 in the B parameter to 
designate the particular flag pattern desired. 


To modify this binary pattern, it is necessary to find the decimal equivalent of the pattern desired and 
add it to the Index Register used in the MOD instruction. The value table below may be used to 
determine the number necessary to obtain the desired pattern. 


TABLE 


Value Table 
| | Decimal Equivalent 
No. in A, B or PKA Flag Instructions 


A & B Fields PKB — 
2 | A & B field | B field only A field 


l 
2 
3 
4 
5 
6 
7 
8 


For PK’s, add together all of the equivalent values for the PK’s specified in the A held, to determine the 
total value which must be loaded in the index register. 


For Flag instructions (Set/Reset and Skip/Execute), add together the equivalent values for the flags 
specified. in the B parameter. If the flag group is also to be modified, add its value to the total value for 
the matyidGal flags, and the resulting sum is the value to be loaded in the index Heer. 


To riedity (ies instructions it is seseiitial to originate them with 0 in the sapamietee fields and the 
desired pattern in the index register. 


If these instructions are originated with some significant value in the parameter fields, an attempt to 
modify the parameters can propagate a carry which will be added to the Op Code, changing it to 
another Op Code. 
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TABLE 


Instructions in which A and B parameters can be modified. 


ONE PARAMETER CAN SPECIFY ONE OR MORE ITEMS. 


OP CODE A 


PKA +: 12345678 
PKB 12345678 
LOD AKX 
YRP 
SET AKX 
 -YRP 
RST AKX 
YRP 
CHG AKX 
YRP 
EX ATKX 
YRP 
ATKX 


ATK X 
YRP 


ATK X 
YRP 


B. EACH PARAMETER CAN SPECIFY ONLY ONE ITEM. In these instructions, either or both, the A 
or B parameter can be modified. The C parameter, if one exists, is not modified. The A and B 
parameters combined cannot exceed 256. The sixteen possibilities in the B parameter requires a value 
from O to 15 in the index register for modification. The sixteen possibilities in the A parameter field 


require a value expressed in multiples of 16 (reflecting the digit position value of the A parameter in the 
instruction format). 


The following table illustrates the proper values to be loaded in the index register to achieve the desired 
values for the A and B parameters. 


2.08.06 (Cont’d-4) 


TABLE FOR VALUES 


6 66 
6G 39 
m n 


Number desired Value to be | Number desired Value to be 
in A field | contained in in B field contained in 
Index Reg. | Index Reg. 

0 0 0 0 

l 16 l l 

2 32 2 2 

3 48 3 3 

4 64 4 4 

5 80 5 5 

6 96 6 6 

7 112 7 a 

8 128 8 8 

9 144 9 9 

10 160 10 10 

11 176 11 1] 

12 192. 12 12 

13 208 13 13 

14 224 14 14 

15 240 15 15 


‘“*m’’ + “n”? = total value to be contained in register. 


Example: Modify NK 0 0 to provide 8 whole numbers and 3 decimal fractions: 


Parameters required: Index Register value required: 
A=8 = 128 
B = 3 = | 3 


131 (total value) 


Thus: LIR — ] 131 
MOD l 
NK 0 0 


The index register value of 131 modifies the NK instruction to permit 8 whole numbers and 
3 fractions. 


Any time that the modification of the B parameter results in a carry (exceeds 15), the carry will add to 
the A parameter changing its specification. A carry resulting from modification of the A parameter 
(exceeds 255) will add to the Op Code causing an improper modification. 
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EACH PARAMETER CAN. eae a ONLY. ONE ITEM 


OPCODE = A ok _ cc op CODE 


ADK 4 Eine aay tei 
CLA. 7 5 | i A con aft | oe PNS+t _ 
EXL -15 14 » | PNS—- 
INK | 0-14. #O9 ©  —  ... TRCB 
ac ho? gl cat me Oo . oe 

NKCM 
NKR. 

NKRCM 
SKL 

SLRO. 

SLROS 
SUK 
RNK 


The following instructions cannot be modified: _ 
TABLE 


"Instructions which are not modifiable. 
OP CODE As OP CODE 


ALTP = LIN. 
CC... 2.5 stings beet , LXE 


LPF = SCR 
LPR i wsti“‘“‘CO™OSOCOCSC;C;*CRCSL 
LRA ————sSORREM | 
LSA PFO 


_ The character in the A parameter of a PC instruction may be modified to obtain a different character. 
The MOD instruction will add the contents of the index ada to the internal code of the peace in 
the A parameter of the Fe instruction. ~~ | 7 


2.08.06 (Cont’d-6) 


Example: 


PARAMETER 


OP. CODE 


OP CODE | 7 A 
MOD 1 
PC A 


If PC A (A = index value of 65) is to be modified to print M (M = index value of 77), a value of 12 


(77-65 = 12) is loaded into the index register #1. Index values are contained in Appendix D. The above 
remarks also apply to PC+, PC— and PCP. 


A MOD instruction may be used to modify another modify instruction with the same or different index 
register. The total amount of modification equals the sum of the MOD instructions, and should not 


exceed 255. When the total exceeds 255, only the difference between the total and 255 remains in the 
index register. | | 
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2.09 — BRANCH AND DECISION INSTRUCTIONS 


2:09.01 BRANCH UNCONDITIONAL INSTRUCTION 


OP CODE A —+/— REL 
- BRU LABEL + 


The BRU instruction provides the ability to branch unconditionally toa different segment of the 
program. This instruction does not automatically provide for return to the branched from segment of 
_ the program. | 


The A parameter contains the label which identifies the memory address to where the program will 
branch. The A parameter can be incremented by an integer (N, positive or negative) located in the +/- 


REL field. A + increment without a label will branch the program to either an instruction further ahead 
(+) or one behind(-) the current (BRU) instruction, = == s 8 a ; 


Example: 


PARAMETER 


+ OR - 


When the BRU instruction is executed program execution continues with the Op Code contained in the 
memory location referenced by the label. In this case the label is SHIPTO and the Op Code is POS. 


2.09.01 


2.09.02 SUBROUTINE JUMP AND RETURN INSTRUCTIONS 


OP CODE A +/— INC 
SUBROUTINE JUMP _ SRI LABEL +N 
SUBROUTINE RETURN SRR 14 


The SRJ and SRR instruction facilitate branching to, and returning from a subroutine. The A parameter 
of the SRJ instruction contains the label of the memory location to where the jump will occur. — 


The SRJ and SRR instructions utilize the Subroutine Return Stack which appears thusly: 


oR LOCATION 


This example illustrates the use of these instructions and explains the A parameter of the SRR 
instruction. 


WORD/SYLLABLE = LABEL OPCODE A 


A B _ REMARKS | 
25 0 NKR 10 4 Allow Numeric Entry. 
| 1 AL a Advance 1 line. 
2 POS 63 _ Position to print. 
3 SRJ ia , 4 SRJ to print. 
48 0 PRNC eis. 14 0 
d PC— — 
2 PC+ + 
3 SRJ TKMAD 
3 Ff 4 a 
50 0 TKMAD POS 95 Positions for type. 
1 TK 31 . Type 31 characters. 
2 SRR L | Subroutine return. 
3 | 


When the SRJ instruction in word 25 syllable 3 is executed, the program counter is increased by 1 
syllable. The new program counter content, word 26 syllable 0 is stored in Subroutine Return Stack 
location 1. The value of the A parameter in ‘the SRJ instruction is inserted in the program, execution 
now begins at word 48, aynanie 0. The Subroutine Return Stack would appear: | 
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ADDRESS 
oe : 


i UNKNOWN-2 


[LOCATION | ADDRESS 
[4 SSSCSC*dCSSSCUUNKNOWN33 


- UNKNOWN-1 | 


| When the SRJ instruction in word 48, syllable 3 is reached, the contents of the Return Stack are shifted 
- down 1 location. The memory address in location 4 is lost. Execution continues in word 50 syllable 0. 
- The stack now contains: 


____ ADDRESS 


= ane UNKNOWN-! 


UNKNOWN-2__ 


If the process is repeated 5 times, the original address entered (word 25 syllable 3) is lost from program 
control. Each additional repetition loses another memory address. It is recommended to limit the nesting 
of subroutines to 4. = _ 3 > ee | 


The execution of the SRR instruction in word 50 syllable 2 will cause the program counter to be loaded 
with a value from the Subroutine Return Stack. The value loaded is a function of the A parameter for 


the SRR instruction. _ 


| If the A value is_.1, the memory address in location 1 is inserted in the program counter. A value of 2 
would select location 2. A value of 3 would select location 3. A value of 4 would select the fourth 
location. 


Since in our example we have a value of 1, word 49, syllable 0 is inserted into the program counter. 
Program execution begins with that value. The Return Stack would appear: . 


[4S KNOWN] 


If the A value had been a word 26, syllable O would have been inserted in the program counter. All 
addresses with location numbers less than the selected location are lost. The remaining values are pushed 
to the top of the stack. : : a ; re | 


2.09.02 (Cont'd) 


In this case the Subroutine Return Stack would appear: 


[LOcaTION TCAD RES 
po UNKNOWN- 1 
po UNKNOWN-2 


2 NOWN- 
3 
4 


Program execution begins at word 26, syllable 0. 


2.09.03 COMPARE ALPHANUMERIC INSTRUCTION 


OP CODE A 
SKIP AND EXECUTE INSTRUCTIONS | | CPA LABEL 


The CPA instruction compares the contents of the memory word, referenced by the label contained in 
the “‘A’’ field, to the contents of the Accumulator. The outcome: 


1. Execute the next instruction if contents are equal. 


2. Execute second if memory word content is less than Accumulator content. Skip the first in 
sequence and begin execution. | | 


3. If memory location content is greater than the Accumulator content, skip the first two in 
sequence and execute the third. | : a 


Refer to Appendix for collating sequence of character set. 


Example: 


PARAMETER | 
+ OR- 
7 INC/REL 


A 
24 | 35[ [37] 8[39 eo]r[ a2] 23 [aa] es ser 


LABEL 


\ 


LABEL = |_—sCOP. CODE 


15 17112222} fas] 28 


This routine will allow the operator to index a value less than the value contained in the memory 
location TEST. pe Bes Z a “4 | - | ee : 
| | Revised 3-29-71 by a 7 - 
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2.09.04 ACCUMULATOR SKIP AND EXECUTE INSTRUCTIONS — 
| OP CODE A 
EXECUTE IF ACCUMULATOR ZERO — EXZ 4 


If the content of the Accumulator is zero, the EXZ instruction will cause one area of instructions in 
the “A” field to be executed. If it is not zero, the next “A” instructions. will be skipped. 


OP CODE oA 
SKIP IF ACCUMULATOR ZERO a ; —~—«SKZ 1-4 


The SKZ instruction will cause the next 1-4 instructions (as specified in the “A” field) to be skipped 
when the Accumulator content is zero. Otherwise, the next instruction is executed. _ 


Example: 1 Routine to enforce a non-zero keyboard listing 


7 PARAMETER 


LABEL OP. CODE LABEL 


tate =P eb He P= eP oboe af 


eee Te In ee nes Deas Be 
i111, (Bev. |. umere ot | 
pou mses |B a | 


LABEL - OP CODE As B REMARKS 
NUMRIC NK 5 1 Enable numeric keyboard. 
EXZ 1 -. Execute 1 instruction if 
= 7 Accumulator zero. . 
BRU NUMERIC | Branch to numeric keyboard. 
PNS- 3: ©) | Print shift ribbon (-). 


If an OCK is depressed without a numeric keyboard entry, the Accumulator contains zero. In the above 
example, whenever the Accumulator contains zero the BRU instruction is executed and the program 
branches to the NK command. This occurs until a numeric keyboard listing is made and the 
Accumulator is not zero; the BRU instruction is then skipped. | 


2.09.04 


Example 2: Do not print if the Accumulator is zero. — 


PARAMETER 


FIELD 


OP CODE A B 


REMARKS 


TRA AREA Transfer to Accumulator. 
SKZ 1 : Skip 1 instruction if zero. 
SRJ PRINT Branch to print routine. 
OP CODE A B c 
EXECUTE IF DIGIT LESS THAN CONSTANT EXL 0-15 0-15 1-4 


The EXL instruction causes the next instruction to be executed if the digit in the Accumulator digit 
position specified in the “‘A”’ field is less than the constant contained in the “B” field, otherwise the 
next ““C” are skipped. The Accumulator is undisturbed. 


OPCODE A B c 


SKIP IF DIGIT LESS THAN CONSTANT SKL 0-15 0-15 |-4 


The SKL instruction causes the next 1-4 instructions (as specified by the “C’’ field) to be skipped if the 


digit in the Accumulator digit position specified in the ‘“‘A’’ parameter is less than the constant 
contained in the “B”’ field. Otherwise, the next instruction is executed. The Accumulator is undisturbed.. 


2.09.05 FLAG EXECUTE AND SKIP INSTRUCTIONS 


OP CODE A B C 
EXECUTE IF ANY FLAG EX ATK OLIU 1-4 
| XYRP 1234 
LBDS —SCM 
VW WRF 
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The EX instruction causes the next instruction in sequence to be executed if any of the flags specified 
in the “B” field (of the flag group designated in ‘‘A’’ field) are set. Otherwise, the next — instructions 
are skipped. (See SKE instruction for flags and flag groups.) 


Example 1: Use of OCK to choose alternate branch of program 


PARAMETER 


| + oR - 
oa 


OPCODE = = A B ‘REMARKS 


cas 2 = 
-LKBR TYPE a Load Base Register. 
TKM 25 _ _ Type into memory. 
EX K 12 (1) Execute | if OCK 1, 2. 
BRU START | | Branch 


PA TYPE 


In the shove example the program will branch: if OCK 1 or 2 was used. OCK 3 or 4 would cause a 
print. | | 


Example 2: Load the Shift Register with 2 if the C key is used and with 3 if the M key is used 


_ | PARAMETER 


2.09.05 (Cont’d-1) _ 


OP CODE A B c 
LSR 0 
EX A C ] 
LSR 2 
EX A M ] 
LSR 3 
OP CODE 
EXECUTE IF EVERY FLAGS EXE 


REMARKS 


Test if “C’’ key used. 
Load shift register with 2. 
Test if ““M”’ key used. 
Load shift register with 3. 


A = tcl 
ATK OLIU 1-4 
XYRP 1234 
LBDS —SCM 
Vw WRE 


The EXE instruction causes the next instruction to be executed if all the flags specified in the “B”’ field 
(of flag group designated by the “A”’ field) are set. Otherwise, the next “C’’ instructions are skipped. 


If the operator indexes both C and M keys, the alarm will sound. 


OP CODE 


SKIP IF ANY FLAGS SK 


the 


A B c 
ATK OLIU (1-4 
XYRP 1234 
LBDS —SCM 
VW WRF 


The SK instruction causes the next “C’’ instructions (1-4) to be skipped if any of the flags specified in 
“B”’ field, (flag group specified in “A” field) are set. Otherwise, the next instruction is executed. 
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Example: To terminate a loop 


| | | Seen 
rip maar cae 


” + OR- 
LABEL OP. CODE GTH LABEL INC/ REL 


au : GE DDE GS -EE ee 


sie. © 
LABEL OP CODE A B c REMARKS _ 
NUMRIC LIR 0 Load Index Register. 
NK 2 3 Enable numeric keyboard. 
POS 1 pia | Position printer. 
AL 3 Advance 3 lines. 
PN 4 0 | 
IIR l 4 Increment Index Register. 
SK T 1 1 Skip 1 instruction if T set. 
BRU NUMRIC +1 Branch to NUMRIC plus 1. 
OP CODE A Be S 
SKIP IF EVERY FLAGS SKE ATK OLIU 14 | 
: “ a i | — XYRP 1234 | _ 
LBDS  —~SCM | ao | 
VW WRF 


The SKE instruction will cause the next ‘ ‘C” instructions to be skipped if all the flags specified in: the 
*“B”’ field oo the flag group Specified) are Set. Otherwise, the next instruction is executed. | 


The flags and flag groups are designed thusly: 


1. ACCUMULATOR FLAGS 


A 


— Sign 

S Special 

C Per Hundred 
M Per Thousand 


2. KEYBOARD BUFFER FLAGS | 


al 


2 KB Buffer Filled 
3 KB Buffer Empty 


3. DATA COMM FLAGS 


D 


1 Received TR# Not 
Equal Expected TR # 

2 Message Received 

3 Transmit Ready 


4. OCK FLAGS 


1 OCK -1 
2 OCK 22 
3 OCK -3 
4 OCK -4 


5. L FLAGS (SHIFT REG) 


nN 


& W 


: 


6. PUNCH FLAGS 


: Media Not Present 
Echo Check 

: Tape Supply 

4 Punch Off 


7. READER FLAGS 


Reader Condition 

Message Received 
: Transmit Ready 
4 Invalid Code 


8. "oy LEDGER FLAG 


Not Used 
S : Write Error 
R_ Read Error 
F Filled Sheet 


2.09.06 SKIP AND EXECUTE INSTRUCTIONS FOR THE TC 700 


10. 


= FLAGS 
Overflow 
Forms Limit 
Index Register 
: Unassigned 


TELLER LOCK FLAGS 


1 Teller 1 | 

V 2 Teller 2 : 
| 3 Supervisor 
4 Not Used 


11. 


PASSBOOK FLAGS 


1 Passbook Fold 
W 2 Last Print Line 
| 3 > Not Used 
4 First Print Line 


12. 


_ GENERAL PURPOSE FLAGS 


1 
2. 
3 
4 


The lock flags and passbook signal flags may be interrogated using the SKIP and EXECUTE instructions 
(see Subject 2. 09. 05). They cannot be referenced with the SET, RESET, LOAD or CHANGE macro 
instructions. 


Lock Flags (V flag group) 


Three flags are provided whieh test the status of the Teller l lock, Teller 2 lock and Supervisor lock. 
These are: 


Flag V1 for the Teller 1 flag 


Flag V2 for the Teller 2 flag 


_ Flag V3 for the Supervisor Override Flag 


Flag V4 is not used 


When the Teller 1 key is inserted in its lock and turned, the Teller 1 flag will be set. When the key is 
removed from its lock, the Teller 1 flag will be reset. The same applies to the Teller 2 key and the 
Supervisor key. 


INSTRUCTION | 


Skip if any flags 
Skip if every flag 
Execute if any flags 
Execute if every flag 


OP CODE 


SK 
SKE 
EX 


<dd< E 


} 
SELENE TITS 


123 


123 


123 
123 © 
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14 
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Passbook Signal Flags OW flag group) 
Three flags test the sensors in the passbook slienacat area. These are: 
Flag W4 for Ist Print Line | 
Flag W1 for Passbook Fold 
Flag W2 lan Last Line | 
| Flag W3 1 not used _ 


When the Passbook is inserted to the fixed rear limit, the Ist Print Line Flag will be set. It will be reset 
at all other times. When the Passbook is so situated in the alignment area that.the current print line will 
fall within the passbook fold area, the Passbook Fold Flag will be set. It will be reset ween this 
condition does not exist. | 


When the Passbook is so aligned that the current print line is below the last ee line of the 
Passbook, the last Print Line Flag a be set. It wa be reset when sas pansveok 2 iS patience to any: of the 
aes printing lines of the book. 


A eae ‘Pascbeok pen Flag anes not Suet, This esncttion can : - dcleniiaed by ising: fot: the 
NOT SET condition of the Last Line Flag. This result occurs because if a passbook is present in the 
alignment mechanism and is aligned to any of the possible posting lines of ‘the passbook, the Last Line 
Flag will be reset. The flag will be set if the passbook iS ne to the line below the last print line or if 
there is no passbook in the mechanism at all. a | 


INSTRUCTION OP CODE A Bo C: 
Skip if any flags SK W 124 1-4 
Skip if every flag SKE W 124 1-4 
Execute if any flag EX W 124. 1-4 
Execute if every flag EXE ... We 124 1-4 


Machine language code for V and W flag groups. 

Reference the appropriate SKIP or EXECUTE instruction in Appendix B. 
| Use the weights: a _ | 

_ Parameter upper position: 


W flags /- use F 
Parameter lower position: | - | 
FLAG WEIGHT = 
WI or V1 eT Z 
W2 or V2 = 4 
W3 or V3 te a 8 
W4 or V4 I 


2.09.06 Cont’d) 


2.10 — MISCELLANEOUS INSTRUCTIONS 


2.10.01 ALARM INSTRUCTION 
OP CODE 
ALARM 
The ALARM instruction will sound the Error fa once. The system oo not go into the error state. 


Example: ‘Notify operator an error hag bead made. See the EXE instruction. 
2.10.02 NO OPERATION INSTRUCTION | 
OP CODE 
NOP | 


The NOP instruction performs no operation, but 10 milliseconds are ‘expended when this instruction is 
used. Program execution continues, sequentially, uninterrupted. The NOP instruction is particularly 
useful in pUNeIne the ue ae ane in conencion with the instruction. 


peemeie: | Us only PKA 4, pana 8. . 


LABEL | | OP CODE ee :\ 


PKEYS NOP 
NOP 
NOP — 
BRU TOTAL. 
NOP 
BRU — SUBTTL 
NOP 2 ace 

BRU ~—sSSTART 


Example: If the contents of memory word TOTAL are equal to or less than the contents of the 
Accumulator, branch to START. If the contents are greater, go to error. 


LABEL | OP CODE A 
| CPA TOTAL 
NOP | 
BRU START 


BRU ERROR 
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2.10.03 STOP | PROGRAM INSTRUCTION 


OP CODE 
STOP 
The STOP instruction halts the execution of a program and returns the computer to the Ready Mode. 
2.10.04 POWER OFF 
OP CODE 


OFF 


The OFF instruction provides the ability for the TC to turn itself off by causing the power to the entire 
system to be turned off. This instruction permits the data center to notify a TC to shut down, by 
sending a reserved character or other unique data (selected by user) to it. Upon testing and recognizing 
this character, the TC would branch to the instruction OFF as a part of the user program. 


2.10.03 


2.11 — CHECK DIGIT INSTRUCTIONS 


Macro instructions to compute and verify check digits are available for use on the L/TC by 
incorporating a CDC-CDV Add-On Firmware Set with the Basic Main Memory Firmware Set being 
utilized. CDC-CDV Add-On Firmware Sets occupy the highest track of user memory provided by the 
main memory firmware set. 


2.11.01 CHECK DIGIT COMPUTE INSTRUCTION 


OPCODE A B 


CDC 1-15 0-9 


The CDC instruction, when used in conjunction with a check digit table, will generate a check digit for 
a number located in the Accumulator. The check digit will be generated for the number which begins in 
the Accumulator digit position indicated by the A parameter and ending in Accumulator digit position 
1. The generated check digit will be inserted in Accumulator digit position 0, remaining Accumulator 
digit positions are not disturbed. 


The B parameter specifies the constant remainder that is to be used when computing the check digit. 


Example 1: 


PARAMETER 
Fs A 
rms 
ow coe fom] ven fie | 


OP CODE A B 
CDC 6 1 


If the Accumulator contains: 
ses op tp lee Pel 
| fejofslts{2{ofo{3 {sf ]2 {oo ]3 | 


Flag Position 


|} Accumulator Digit Pos. 


the check digit will be calculated for the number beginning in Accumulator digit position 6 and ending 
in Accumulator digit position 1; in this case 842963. 


The remainder factor used will be 1. 
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Example 2: 


LABEL OP CODE | A B Cc REMARKS 
INITIL = LPNR TABLE __ LOAD CD & P MASK TABLE 
TRA BAL _ RD NEW BALANCE 
SLRO _ I 0 POSITION FOR CD 
EX A = 4 TEST IF MINUS BALANCE 
CDC 8 3 COMPUTE CD ON MINUS USING REM 3 
SK A — 1 SKIP IF MINUS BALANCE 
CDC 8 2 COMPUTE CD ON PLUS USING REM 2 
PNS— 8 2 PRINT NEW BALANCE 
PNS— 0 3 PRINT CHECK DIGIT | 
NOTE 7 ALTERNATE COL DOUBLE ADD DOUBLE 
| NOTE — : | | MOD 10 CD TABLE & P MASKS | 
TABLE NUM 166009753 186420 1ST WORD CD TABLE 
NUM 066009876543210 LAST WORD CD TABLE > 
MASK ZZZ,ZZZ,DDE P MASK BALANCE | 
MASK +D | P MASK CHECK DIGIT 
2.11.02 CHECK DIGIT VERIFY. INSTRUCTION 
- OPCODE A B 


CDV 1-15 0-9 


The CDY instruction will verify the check digit of a number located in the Accumulator. The number 
begins in the Accumulator digit position specified by the A parameter and ends in Accumulator digit 
position 1. Any significant digits located to the left of the Accumulator digit position specified by the A 
parameter are ignored by the CDV instruction. 


The check digit must be located in Accumulator digit position 0. 


The B parameter specifies the constant remainder that is used in computing the check digit. If the check 
digit is not equal to the computed check digit, the Accumulator S.Flag is set and a Keyboard Error 
Condition occurs at the next keyboard instruction. The programmer should provide the required 
instructions to check the S Flag after verification. | 


The checking method is determined by the table designated in the A parameter of the last executed 
LPNR instruction. | | 


2.11.02 


Example 1: 


PARAMETER 
= nee SOE (A PRE 
hee e| 


OP. CODE GTH LABEL 


OP CODE 


|> 
|o 


CDV g : 0 
If the Accumulator contains: 


BUORGOOCR DEORE Ra 
F Telolalatolelats Pert ae 


lL Plage Position 
the number to be verified begins in Accumulator digit position 8 and ends in Accumulator digit position 


1, in this case 23568924. 


The remainder factor is 0. The check digit is 5. 


Example 2: The CDV Instruction in conjunction with a Modulus 11 weighted system could be utilized 
in the user program in the following manner. 


LABEL OP CODE A B Cc REMARKS 
“= LPNR TABLE LOAD CD & P siaiey TABLE 
ACCTNO NKCM 7 0 INDEX ACCT NO. & CHECK DIGIT 
NOTE | USE “C” FOR C.D. VALUE OF “A.” 
EX A C 2 TEST FOR “A” 
SLRO 1 —0 POSITION NUMBER 
INK 0 A INSERT CHK DIGIT “A” 
CDV 6 0 VERIFY 
EX A S l EX IF NOT VERIFIED 
BRU | ACCTNO BR TO REINDEX — 
PN 6  « 1 PRINT ACCT NO. 
4 \ ¢ ( 
NOTE 1, 3, 7 MODULUS 11 CHK DIGIT 
NOTE TABLE AND PRINT MASKS 
TABLE NUM = 355003692581470 WT. 7 VALUES 1ST WORD CD TABLE 
MASK +DDDDDD,D ACCT. NO. PRINT MASK. 
MASK ZZZ,ZZ2Z.DD AMOUNT PRINT MASK 
NUM 455007418529630 WT. 3 VALUES 2ND WORD CD TABLE 
NUM 055009876543210 WT. 1 VALUES 3RD WORD CD TABLE 
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2.11.03 LOAD CHECK DIGIT AND PRINT NUMERIC TABLE INSTRUCTION 


-OPCODE =A 


-LPNR- LABEL 


The LPNR instruction is used to locate the check digit and print mask tables when check digit firmware 
is used. The first entry of the table must be a check digit entry. The table can vary in size from 1 to 
256 words. The reader should reference CHECK DIGIT TABLE CONSTRUCTION. 


2.11.04 CHECK DIGIT TABLE CONSTRUCTION 


The table(s) that are utilized by the CDC-CDV instruction determine the checking method to be used. 
The table(s) can be located anywhere within user memory and are referenced by the A Parameter of the 


LPNR instruction. The table can vary in size from 1 word to 256 words and the individual entries 
within the table do not have to’ be'stored in consecutive order. However, the first entry in the table 
must be labeled so that it can be referenced by the LPNR instruction. 


Each entry (word) in the table iS divided into three sections. These divisions are as follows: — 
1. Location of the next table entry to be referenced (digit positions 15 & 14). 
2. “Modulus used (digit positions 13 & 12). 
3. Digit values (digit positions 0-9). 


The CDC & CDV instructions start with the table entry specified by LPNR. The location of the next 
table entry to be referenced by the CDC or CDV instruction is determined by the Hexadecimal value of | 
digit positions 15 & 14 of the table entry. This location is relative to the base. word of the table (the 
beginning word of the table which is referenced by the A parameter of the LPNR instruction). 


Example: 
HEXADECIMAL VALUE | _ RELATIVE LOCATION OF 
IN15 & 14 | NEXT TABLE ENTRY 
Base Word + 1 
Base Word + 2 


Base Word + 17 


Base Word + O 


Digit positions 13 & 12 specify the modulus to be used in the verification scheme. The values in both 
digit positions within the word must be identical and the value in positions 13 & 12 in each table entry 
must be identical. The table z assumes a base modulus of 16. | 


2.11.03 "rte 


Therefore, to determine the entry for positions 13 & 12 the decimal values of the modulus desired must. 
be subtracted from the base modulus of 16. For example, if a modulus 10 scheme is to be used a 6 
would be entered in digit positions 13 & 12 of every table entry (16-10 = 6). | 


Each digit position of an integer (to be checked/computed) has 10 possible values (0 to 9). Each table 
entry word represents certain digit positions in the integer. 


Example: A table with 3 entries (words) is used to check/compute a check digit for a 6-digit integer. 


The lst table entry is used for digit positions 1 and 4 
The 2nd table entry is used for digit positions 2 and 5 
The 3rd table entry is used for digit positions 3 and 6 


The Digit Values section of each table entry contains the weighted or assigned values for the digit 
positions that the table entry represents. The weighted or assigned values are located within the digit 
values section (Digit Positions 0-9) in order according to the possible value that it represents. For 
example, the weighted or assigned values for the possible digit position value of 7 on the integer is 
stored in digit position 7 of the table entry. 


A simple alternate column Double-Add-Double Check Digit scheme would require a two-word table with 
the following values in digit positions 0-9 (Digit Values Section) of the table entries. 


Integer Digit Value and | 
Table Entry Digit Position 9 8 7F7 6 5 4 3 2 1 0O 


Ist Table Entry Values 


Ne) 
~ 
tn 
w 
Un} — 
ore 
on 
aN 
N 
oO 


Example 1: 


Alternate Column, Double-Add-Double 


Modulus 10 

Remainder 0 

Integer (Acct No.) 4 3 2 2 «5 «7 

Assigned Values From Table 4 +6 +2 +4 45 +5 = 26 
Remainder 0 

Total Sum of Assigned Values | | 26+0 = 26 
Next High Multiple Of Modulus (10) | 30 

Check Digit Oo 30-26 = 4 


The values assigned in computing the check digit for the above integer (Acct No.) are as follows: The 
assigned values for the digits located in positions 1, 3 & 5 of the integer are taken from the Ist table 
entry. The assigned values for the digits located in positions 2, 4 & 6 of the integer are taken from the 
2nd table entry. -_ , | 7 
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~ COMPLETE TABLE 


SITIONS _ 


PO 


| Next [| 


| Word 
| . LOC 


PTABLEENTRY2 | 0 0] 6 6_ 


Example 2: 1, 3, 7 MODULUS 11 METHOD. 


In this method the assigned value for each digit is obtained by assigning weights of 7, 3, 1, 7, 
3, 1,...continuously; starting with the least significant digit of the number. A three-word 
table is required. Oe | 


Integer | | & @ 2 2 % @ 

Assigned Value From Table 4+9+3+2+A4+5 = 33 

Remainder | | | 4 : 1 

Total Sum of Assigned Values | | | | 33+ 1 = 34. 

Next Higher Multiple of Modulus 44 

‘Check Digit 44-34 = A 
TABLE 


POSITIONS 
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The table for the example of the 1, 3, 7 Modulus 11 Method was derived in the following manner. 


Ist Table Entry (Weighted 7). 


“a nN “XN XN N XN NN NN SN 
~ 


* 
oO nN Dn nN FBP W WD 
lI 


Minus Next Lowest 


Multiple of Modulus -S5 -55 -—44 -33 -33 -22 -ll -ll -O —-—O 
Ist Table Entry = 8 ] 5 9 2 6 A 3 7 0 


2nd Table Entry (Weighted 3). 


WwW WW WW WwW WW Ww 
»* 


ms 
Oo won nan no ff W WN 
il 


27 24 21 18 15 12 9 6 3 O 


Minus Next Lowest | 
Multiple of Modulus —22 -—-22 -l1ll -li -ll -ll —O0 —0 —Q —0 


2nd Table Entry = 4% A 7, 2 A 1 9 6 3 0 


"Revised 3-29-71 by | 7 
PCN 1045481-001 2.1 1.04 (Cont’d-2) 


3rd Table Entry (Weighted 1). 


a 
—_ © 
Il 


_— 
ms 

0 ON WO mH BR W WN 
| 


Minus Next Lowest : : 
Multiple of Modulus 0 -O0 -0 -O -O 0 OO -OQ -O -9 


3rd Table Entry = 9 8 7 6 5 4 3 2 1. 0 


A check digit can be accurately computed and verified on fixed length alphanumeric fields that do not 
exceed 7 characters in length. The check digit would make the 8th character. 


Example 3: 


The following example illustrates how a check digit could be computed on a 5-character fixed length 
alpha field (check digit is entered as the 6th character) using a 1, 3, 7 Modulus 10 Method. 


SEQ LABEL OPCODE # £AA B Cc REMARKS 

] INITAL LPNR TABLE LOAD CHECK DIGIT TABLE 

2 CMPCD POS 10 POSITION PRINTER 

3 LKBR PARTNO SET KB BASE REGISTER 

4 TKM =i ENTER PART NUMBER 

5 TRA = PARTNO READ ALPHA TO ACCUMULATOR 

6 SLROS 0 4 RIGHT JUSTIFY ALPHA NUMBER 

7 INK 1] 3 INSERT 3 COL 1 

8 NOTE THE 3 IS INSERTED SO THAT THE CD 

9 | NOTE NUMBER CAN BE ENTERED THROUGH 
10 NOTE THE ALPHA KEYBOARD AS A COL 3 
10.1 NOTE USASCIT NUMERAL. 


11 ADK —0 0 ** DECIMAL CORRECT ALPHA. 
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SEQ LABEL OP CODE A B Cc REMARKS 
12 CDC 12 3 COMPUTE CD USING REM 3 
13 PN 0 3 PRINT CHECK DIGIT 
14 VERCD AL 1 ALIGN FORM 
15 POS 10 POSITION PRINTER 
16 LKBR PARTNO SET BASE REGISTER POINTER 
17 TKM 6 ENTER PART NUMBER & CD 
18 TRA PARTNO RD ALPHA TO ACCUMULATOR 
19 SLROS 0 4 POSITION CD TO POS 0 
20 ADK 0 0 DECIMAL CORRECT 
21 CDV 12 3 VERIFY USING REM 3 
oo EX A S 2 TEXT IF VERIFIED 
23 ALARM SIGNAL OPERATOR IF ERROR 
24 BRU VERCD BR TO RE ENTER 
25 | PA OK - PRINT VERIFIED MSG 
26 AL 1 ALIGN FORM 
27 BRU CMPCD BR FOR NEXT 
28 TABLE NUM 16600369258147 FIRST ENTRY 7 WT CD TABLE 
29 NUM 26600741852963 SECOND ENTRY 3 WT CD TABLE 
30 > NUM 06600987654321 LAST ENTRY 1 WT CD TABLE 
31 MASK +,D | PRINT CD ON CDC 
32 OK ALF OK VERIFIED MSG 
33 END 


**NOTE: The eight bit alpha characters stored in the accumulator must be decimal corrected to 
eliminate hexadecimal values greater than 9 (A-F). 


If a Modulus 11 method is used, the following additional instructions would be required in the VERCD 
Routine. 


SEQ LABEL OP CODE A B Cc REMARKS 

20.1 | SKL | | 4 Z SK IF CHECK DIGIT NOT A 
20.20 INK 3 RESET DIGIT 1 TO COL. 3 
20.3 INK 0 A INSERT A IN COLUMN 0 


These instructions are used to test and compensate for a check digit value of A, which is entered as an 
“A” (4,1 on the USASCII Chart). The 4,1 must be tested and compensated for or the alphanumeric 
number will not verify. The A must be corrected to the Col. 3 USASCII numeral that was derived 
during the compute phase (3A). 
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2.12 — DATA COMMUNICATIONS INSTRUCTIONS 


2.12.01 GENERAL DESeRIETION. 


| The Data Communications Procedures and Cyateieations of the various TC’ s are covered in detail in the 
Series L/TC Equipment Reference Manual. The Equipment Reference Manual also discusses the basic 
characteristics of the Data Communications Processor and the way in which its associated firmware 
controls the interaction of the TC with the communications network and devices on that network. 


Two tracks of the Data Communications Processor are permanently assigned as communications buffers, 
one for receiving messages from the network and one for sending messages to the network. Each buffer 
has a capacity of 255 ‘characters of data plus the ETX character. 


The Data Communications Processor firmware validates all incoming messages, removes the header infor- 
mation and stores the data (text) with the ETX in the receive buffer. Conversely, the Data 
Communications Processor firmware attaches the Header, ETX and BCC information to any outgoing 
message, the programmer being required to place only data (text, up to 255 a into the 
Transmit Buffer. 


Messages to be transmitted are placed into the Data Communications Transmit buffer by the user 
program and the Transmit Ready Flag (R3 or D3) is set — See Subject 2.12.07. The Data 
Communications Processor will then handle the transmission of the message leaving the Main Memory 
Processor free to continue with the user program. 


After the successful transmission of a message the Transmit Ready Flag (R3 and D3) will be reset. The 
user program should always examine the R3 flag (or the D3 flag which is the Data Communications 
Processor equivalent of R3) prior to placing another message into the Transmit Buffer to determine if 
the previous message has been transmitted. 


In a data communications environment, the most efficient secetone is achieved oe using only the «<p» 
flags. 


The Data Communications Processor indicates to the user program that it has sucessfully received a 
‘message by setting the Data Communications Processor Receive Ready Flag (D2) and the Main Memory 
Processor Receive Ready Flag (R2) — Refer to Subject 2.12.07. The user ean will interrogate one 
of these flags to determine when a message has been received. 


After removing the data from the Receive buffer, the user program will reset the R2 or D2 flag to 
indicate to the Data Communications Processor that the buffer is free to receive another message. 


The Data Communications Instructions covered in this section fall into three main Broun, all are used in 
combination with the normal Main Memory eeu OnSs 


1. Send Instructions 
These instructions provide for preparing messages. to be transmitted from the TC. 


2. Receive Instructions 
These instructions provide for unpacking and processing messages sana have been received by 
the TC” | | 
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3. Control Instructions 
These instructions provide for accessing and loading the various Terminal Addresses, Trans- 


mission Numbers, and other registers of the TC. 


All of these instructions are executed as part of the user program. Their combined effect is to provide 
the most efficient handling of data communications with the TC. 


2.12.02 ESTABLISHING RECEIVE/TRANSMIT RECORD AREAS 


LABEL OP CODE 
ESTABLISH RECEIVE RECORD AREA RECEIV ESTB 


ESTABLISH SEND RECORD AREA SEND ESTB 


It is usually desirable to use a receive record area to unpack messages while freeing the data comm 
receive buffer to accept more data. These receive record areas have a counterpart in the send record 
area, used to prepare a message for transmission while another message is in the transmit buffer awaiting 
a poll from. the central processor. 


These record areas are always thirty-two words (1 track) in length and are assigned space in memory by 
_ the assembler according to two things: : 

1. Memory size — as specified by the option “MEMORY NNN” 

2. and by the use of the pseudo instruction ESTB. 


The first use of the ESTB pseudo instruction will cause the assembler to assign the record area to the 
highest thirty-two words of memory available that fall on a track boundary (as indicated by the memory 
size option card) in user memory. The second use of the ESTB instruction will cause the record area to 
be established in the next 32 words of user memory available. For example, if user memory is 
384 words, (0-383), the first record area will be in words 352-383. The second use of ESTB will 
establish the record area in words 320-35 1 


The ESTB pseudo instruction has no parameter, but it must always be labeled. 


So far, we have only established receive and transmit record areas. The use of them will be discussed 
later. 7 


NOTE: If the last user word is specified in assembly rather than the total number of user words of user 
memory (example: 383 rather than 384), the assembler will select the next lower track available 
(example: words 320 to 352). This would cause the last 32. words to be inaccessible to the assembler 


for other use. 


An alternate, but less frequen used mecned of reserving main memory buffer areas is ; to specify a 
word vue as in the following exanp ee wich assume 384 words of anEMIOTY 2: : 
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ORG 8S 
-RECEIV REG BD 


In this example, Rewive would be assembled with a starting word of 352. The word number must be 
the first word of a track. Haack O is not a valid ents. 


pee number of transmit or receive ore areas may i used. ‘The number is sideten: ined Dy systenti: : 
requirements and memory a : 


2. 12. 03 TRANSFERRING DATA FROM ONE MEMORY ADDRESS TO ANOTHER MEMORY ADDRESS 


The caeeiiane of messages received and the sanemietnner messages to be eanieenitted usually involves 
moving data FROM one memory location TO another. The transfer can be from a record area to the 
transmit buffer, from the receive buffer to a memory location, or from one memory address to another 
memory address. The following instructions deal with this data movement. — 


| ‘LABEL =— OP CODE Aw 
LOAD RECEIVE BUFFER REGISTER | =, _LRBR BLANK OR LABEL 


The LRBR instruction designates the starting memory address from which data will be transferred until 
the next LRBR is encountered, or the Character Pointer Register is otherwise altered. It is the origin 
address. The A parameter is the label of a memory address, often a record area which has already been 
established. The A parameter may be blank, however, in which case the data will be transferred directly 
from the Receive Buffer. Each time the LRBR instruction is executed, the character pointer for that 
record area or buffer is set to 1. This means the first chracter transferred will be the high order 
character of the first word in the eedenatye memory location. 


LABEL OP CODE _ OA 


SET RECEIVE CHARACTER POINTER | RCP 1-255 


Each use of the LRBR instruction sets the associated character pointer to one. For each character trans- 
ferred or printed from the track, this character pointer is incremented serially. The RCP instruction sets 


the pointer to the character Epstion specified by the “A’”’ parameter relative to the last LRBR word | 
location. 7 | | 


This instruction permits transfer of data slarine with 4ng character ‘position designated by the <A”. 
parameter. 


: | OP CODE A 
INCREMENT RECEIVE CHARACTER POINTER IRCP 7... 1-255 


The IRCP instruction increments the receive character pointer by the number of character positions 
designated in the A field, or until the next field ‘indentifier code is encountered. The pointer 1s 
incremented for the ‘field identifier code also. This instruction permits by-passing a data field in a 
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message containing variable length fields. If the RCP is incremented past 255, the Overflow Test Flag 
will be set, otherwise it will be reset. 


OP CODE A 


LOAD KEYBOARD BASE REGISTER LKBR ' BLANK OR LABEL 


The LKBR instruction designates the starting memory address to which data will be transferred, until 
the next LKBR is encountered, or the Character Pointer Register is otherwise altered. It is the 
destination address. (The A parameter is the label of a memory address, often a record area.) The A 
parameter may be blank however, in which case the data will be transferred directly to. the transmit 
buffer. Each time the LKBR instruction is executed, the Send Character Pointer for that memory 
address, record area or buffer is set to 1. This means the first character transferred will be placed in the 
first character position of the designated memory location. 
| OP CODE A 


SET SEND CHARACTER POINTER SCP | 1-255 


Each use of the LKBR instruction sets the associated character pointer to one. For each character 
transferred, the character pointer is incremented serially. The SCP instruction sets the character position 
specified-by the “A’’ parameter relative to the last LKBR word location. 


This instruction permits transfer of data starting with the character position designated by the “A” 
parameter. 


2.12.04 UNPACKING MESSAGES RECEIVED 


Normally, when transferring the contents of a word in the Accumulator, the whole word is transferred. 
Likewise, when printing the alpha contents of a word, the entire contents (up to an end alpha code) are 
printed. The data comm instructions used to unpack messages pay no attention to word boundaries in 
the receive buffer or receive record area. In Data Communication programing, it is possible to transfer. 
any number of digits up to 16 to the Accumulator and it is possible to move alpha characters from one 
location to another regardless of the number of word boundaries crossed. 


~ OP CODE A 
TRANSFER RECEIVE BUFFER TO RECORD AREA — TRB LABEL 
The TRB instruction transfers the contents of the Data Communications Receive Buffer to the Normal 
Memory Receive Record area (32 words on one track) specified by the “A” parameter. The Receive 


Record area must have been established using the ESTB instruction previously described in this section. 
This instruction permits the use of one or several Receive Record areas in Normal memory. 


OP CODE A 
TRANSFER TO ACCUMULATOR AS NUMERIC __ TRBA 1-16 


The TRBA instruction, transfers the number of characters specified in the “A” field from the Receive 
Buffer, or working record area, to the Accumulator as Numeric digits. The buffer or Receive Record 
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area 1S me one specified by the last LRBR instruction, and the beginning character is determined by the 
current position of the RCP. The TRBA instruction is terminated by the transfer of the number of 
‘characters specified or by a field identifier code, whichever comes first. The field identifier code sets a 
specified flag pattern (see Subject 2. 12.06). The RCP is incremented for each character transferred and 
for the field identifier code (which is not transferred into the Accumulator). The Overflow flag will be 
set if the RCP is incremented past 255 and the instruction will be terminated; otherwise, the Overflow 
flag is reset. 


Although ree numerals occupy 2 digit positions ie bits) for the character i in eilies the Receive Buffer 
or Receive Record area, the TRBA instruction places then in the Accumulator as numeric digits (4 bits). 
Thus, up to 16 buffer characters can be transferred to the Accumulator as 16 digits (any data required 
for computational purposes must be limited to 15 digits). 


Valid codes accepted by TRBA are any codes from column 3 of the USASCII table. These include the 
numerals 0 to 9 and : ;< = > ? In addition, the minus (—) and plus (+) codes and any field identifier 
codes from columns 0 and 1 are valid. When used in a numeric field, the minus or plus code may be 
any character in the field. After first use in a given numeric field, subsequent plus or minus codes are 
invalid. The minus code will set the sign flag in the accumulator; the plus code will reset the sign flag. 
The minus or plus code will not be counted as one of the characters transferred as specified by the para- 
meter field, however, the RCP will be incremented for this character. The field identifier codes are not 
transferred to the Accumulator but do terminate the TRBA instruction. The characters: ;< = > and? 
are transferred to the accumulator as hexadecimal digits (undigits) with binary values of 10, 1, 12, 13, 
14 and 15 respectively (values are designated by A, B, a)... E. and ee | | 


Other cnspaciees will be eeuieiea as invalids will cause ine Leg flag of the Accumulator to be set, will 
count as a code transferred, but the instruction will not be terminated. 


Remember that if it is desired i, iat a Leeann FI Code the TRBA parameter must be one more 
than maximum numeric field likely to be transfered in order to ensure that the FI Code is transfered 
and sets the flag patterns. _ 


EXAMPLES 
Instruction Buffer contents — | Result in accumulator | 
TRBA 4 — 1234 ABC ~ 1000000000001234 
TRBAS — 1234 FIABC 1000000000001234 
TRBA 5 | 1234 — FIABC 1000000000001 234 
TRBA 4 1234 ABC 0000000000001234 
| (Sign is lost) 
TRBA 5 1234 + ABC 200000000001 2341 


(S flag is set by transfer of 
A an invalid code) 


It is important to remember that the TRBA instruction, while designed to transfer one character at a 
time into the Accumulator, must “scoop up” two digit positions from the memory location indicated by 
the current LRBR and RCP instruction in order to determine the digit being transferred. Look at the 
USASCIT chart (Appendix H). Every code in the table is represented by a row and column and must 
occupy 8 bits. The “numbers” in the table are located in column three. Since there are 16 rows in the 
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table, column 3 has 16 entries: 0-9 and the hexadecimal digits A through E. This information is useful 
when, for instance, an “A’’ is desired in the Accumulator as a result of a TRBA instruction. The central 
processor would send to the TC an USASCII equivalent of a colon (:). In USASCII code, it is “3,A.” 
When the TRBA instruction encounters the 8 bit representation of a colon (3,A), the upper four bits are 
pared off and the lower four bits are placed in the Accumulator. 


Used this way, the TRBA instruction is an instrumental tool for loading programs in the TC using codes 
sent from a central processor. 


Example: 
OP CODE A 
TRANSFER TO ACCUMULATOR AS NUMERIC  TRBA 16 


Result in Accumulator: | | | 
E80O03EE0O1EB55 ED 0O1 


Digit Pos. 15 
Digit Pos. 0 


In this instance, the “‘E’s,” “B’s,” and “D’s” in the Accumulator resulted from a 3,E, and a 3,B, and a 
3,D in memory which are valid codes for the TRBA instruction. The “‘E” in the Accumulator is, in 
reality, a hexadecimal 14, the ““B’”’ a hexadecimal 11, and the “D”’ a hexadecimal 13. 


NOTE: Let’s say the contents of the Accumulator were moved ‘6 a memory location, e.g., word 30. 
Word 30 would then look like this: | 
a syllable 0 : EDO1 
syllable 1 : EB55 
syllable 2 : EEO1 
syllable 3 : E803 


These are the machine codes for these mnemonics: 


LABEL =—OP CODE A B c REMARKS 
AL | ] | Advance left 1 
POS | 86 | Position to 86 
AR l Advance right 
OC 3 Open handler, advance 3 
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OP CODE A 
TRANSFER ALPHA —— TRE | O-255 


The TRF instruction transfers alphanumeric (8 bit) characters from the memory location specified by 
the last LRBR instruction beginning at the current RCP position to the memory location specified by 
the last LKBR instruction beginning at the current SCP position. The number of characters to be 
transferred is specified by the A parameter of the TRF instruction; the instruction is terminated by the 
transferring of the exact number of characters specified or by encountering a field identifier code. When 
the instruction is terminated, no matter how it is terminated, (by reaching the number of characters 
specified or by encountering a field identifier code) an end of alpha code will be inserted in the next 
character position of the memory address indicated by the LKBR. The SCP is not incremented for that 
code, however. 


The following example attempts to show. how several product codes, which have come from a central 
processor, can be stored in TC user memory: 


First word of Receive Buffer: 


“ITEM# ” 
4}otsjata|si4{p}2}3i | | ft | Tt 
Digit Pos. 15 
Digit Pos. O 
Example: * : 
LABEL OP CODE A 

LOAD RECEIVE BUFFER REGISTER ——t#™” -LRBR RECEIV 
LOAD KEYBOARD BASE REGISTER - LKBR STORE 
TRANSFER ALPHA | TRE 5 
RESERVE REGION - STORE REG L 


This is what “STORE” would look like after the transfer: | 
“ITEM# ” | 
4191514 ]4]5]4]D]2]3]0]0}oJo}o]o. 


Digit Pos. 15 
Digit Pos. 0 


_ The RCP and SCP are incremented for each character transferred; the RCP will also be incremented for 
a field identifier code if one is present. The overflow flag will be set if either pointer is incremented past 
255, or if ETX is encountered. 
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OP CODE A 


PRINT ALPHA RECEIVE BUFFER PAB 0-150 


The PAB instruction usually is used with a receive buffer or record area but will print from any memory 
location designated by the last LRBR instruction beginning with the current RCP position. The printing 
will continue until the exact number of characters have been printed, or until a field identifier code is 
encountered. For each character printed, the RCP will be incremented by 1. If the RCP is incremented 
past 255, the overflow flag will be set. If printing is attempted beyond 150 on a 15% inch platen, the 
system will return to ready mode. 


Example: 
LABEL OP CODE A 
ESTABLISH RECEIVE RECORD AREA RECEIV ESTB 
LOAD RECEIVE BUFFER REGISTER | LRBR RECEIV 
PRINT ALPHA PAB 15 


NOTE: It is also possible to print from memory using the PA instruction. The distinction is the 
flexibility of the PAB instruction since it allows the programmer to designate a starting character 
position within a word (done by setting RCP) and to designate the exact number of characters to be 
printed. The PA instruction simply prints from the first character position of the word specified by its 
A parameter until it encounters the end alpha code. 


2.12.05 PREPARING MESSAGES FOR TRANSMISSION 


Remember from the discussion of unpacking messages received that instructions which transferred 
characters and printed characters were not limited by word boundaries. The transfer is guided by a 
character pointer (RCP). Likewise, in preparing a message for transmission, those instructions dependent 
on a character pointer (SCP) and an LKBR instruction are not limited by word boundaries. 


If any of these instructions are used to transfer data to the transmit buffer while the transmit ready flag 
is set, execution of the instruction is delayed. The transmit ready flag is always interrogated before 
information is moved into the transmit buffer. 
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A message may be miegored: fs ‘transmission in a user memory send record area and then be tianstened 
to the transmit buffer. This transfer will move the entire 32 words of a send record area to the transmit 
buffer. The send record area is determined by the A parameter of the TSB instruction. The A parameter 
is the label of a record area established by one of the routines using ESTB. The End of Text Character 
will be automatically inserted after the last Spare of the message. | | ? 


7 OP CODE AD 


TRANSFER SEND RECORD AREA - TSB. LABEL 
| OPCODE A  B 
_ TRANSFER ACCUMULATOR TO “LKBR” | —  TRAB 0-15. ~— Oorl 


The TRAB instruction will transfer up to 15 numeric digits (4 bits) from the Accumulator into the 
memory location designated by the last LKBR instruction, placing the digits into memory as 8 bit alpha 
characters beginning with the current position of the SCP. 


The digit position of the Accumulator from which digits are to be transferred is designated by the A 
parameter. The B parameter must be either a zero or one: A 1? meaning leading ZeTOS will be 
transferred and a *“Q”’ meaning leading ZeTOS | will not be transferred. 


Example 1: Be | . 
LOAD KEYBOARD BASE REGISTER _.  LKBR SEND 
TRANSFER ACCUMULATOR ere of TRAB 10 i 


If the Accumulatoi looks like this prior to execution of TRAB: 


Digit Position 15 
. Digit Position O 


then the digit 0 located in position 10 would be transferred to the current position of the SCP as the 
character 0 (represented in hexadecimal as 30). The digit O in position 9 of the Accumulator would be 
transferred as the character 0 (represented in hexadecimal as 30); digit 2 would transfer as character 2 
(hexadecimal 32); etc. The first and second words of the memory location designated by the last LKBR 
would look like this aller the execution: 


‘Ist pao | 


Digit Position l 5 


‘Digit Position 0 ——— 


2nd word | 
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The transfer could also have been directly to the Data Communications Transmit Buffer. 


Example 2: 
OP CODE A. B 
LOAD KEYBOARD BASE REGISTER ~ LKBR- 
TRANSFER ACCUMULATOR TO LAST “LKBR” TRAB 10 0 


If the Accumulator looked like this prior to execution: 


Digit Position 15 
Digit Position 0- 


then the first digit transferred would be the digit 9 in position 8 of the Accumulator, since the B para- 
meter indicates zero suppression. It would be transferred to the current position of the SCP as the 
character 9 (hexadecimal 39). The digit 6 in position:’7 would transfer as character 6 (hexadecimal 36), 


etc. 


The first and second words of the memory location designated by the last LKBR would look like this: 


3]9[s]6]3|s}3]o]3]1}3}5}3]4}3{o] 


Ist word 
Digit Position 15 
{ Digit eoanee 0 
and word [36] | |] | | TLE TET dd 


Those digits occupying positions in the Acetmulstor higher than the digit position specified by the A 


parameter were ignored. 


Example 3: Transferring signed numbers. 


OP CODE — A B Cf 
LOAD KEYBOARD BASE REGISTER) LKBR WORK 
EX A - 1 
TRANSFER CHARACTER  __- - TRCB 2 13 


TRANSFER. ACCUMULATOR TO LAST “LKBR” TRAB 9 0 
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It is necessary to test for the presence of the minus flag in the Accumulator and to insert the actual 
minus character (hexadecimal 2D) into memory, since a minus flag would be converted to the character 
1 (hexadecimal 31) by the TRAB instruction. 


To insert a plus sign into memory, the following code could be used: 


: OP CODE AB Cc 
LOAD KEYBOARD BASE REGISTER LKBR WORK 
| | SK A = 1 
TRANSFER CHARACTER | TRCB 2 11 
TRANSFER ACCUMULATOR TO MEMORY —_ TRAB 9 00 
OP CODE A 
TRANSFER ALPHA TRF | 0-255 


Refer to previous discussion on this instruction under Subject 2.12.04 “Unpacking Messages Received’’.. 


OP CODE A B 
TRANSFER CHARACTER TO BUFFER | | TRCB 0-7 0-15 


The TRCB instruction transfers the USASCII code designated by. the decimal value in the “A” and ‘‘B”’ 
parameters into the memory address specified by the last LKBR instruction, with the first character 


being transferred to the position indicated by the current position of the SCP. For each character 
transferred, the SCP is incremented iby one. 


To use this instruction, it is necessary to know the USASCIIL row and column designation of the 
character to be transferred. The A parameter indicates the column number from the USASCII table, and 


the B parameter is the row number. 


For example, if an asterisk (*), USASCII column 2, row 10, is s to be laced in the buffer, then the 
instruction to accomplish this is: | | 


2.12.05 (Cont’d-3) 


\ 
Bes 
A OSE 


TRCB 


TKM 
Fl CODES 
OPCODE A_ B 
TRANSFER CHARACTER TO BUFFER TRCB 2 10 
OP CODE A 
TYPE TO MEMORY TKM 0-150 


The TKM instruction allows the operator to enter data directly into the memory address specified by 
the last LKBR beginning with the current position of the SCP. The SCP will be incremented for each 
character entered and an end of alpha code will be placed in memory after the last character ended. 
However, the SCP is not incremented for this character. 


The use of the backspace key will cause the SCP to be decremented for each depression. However, the 
SCP cannot be decremented beyond the position held when the TKM instruction was encountered. 


LABEL OP CODE A 
LOAD KEYBOARD REGISTER LKBR AREA 
TYPE INTO MEMORY | TKM 16 
ESTABLISH 4 WORD REGION AREA REG 4 


The instruction may have been used to enter data into the transmit record area: 


LABEL OPCODE A 
: LOAD KEYBOARD BASE REGISTER LKBR SEND 
TYPE INTO LAST “LKBR” TKM 25 
ESTABLISH SEND RECORD AREA SEND ESTB 


2.12.06 FIELD IDENTIFIER CODES AND VARIABLE LENGTH FIELDS 


EXAMPLE: 


A customer’s name, street address, city and state are being transmitted to the TC to be printed on 3 
different lines of an invoice. The message is in the Receive Buffer and the programmer wishes to use the 
PAB instruction to print the name on the ship-to portion of the invoice. If the name is “Acme 
Printing,” the A parameter of the PAB instruction should be 13 characters. Names may be of variable 
length, and a convention in GP 300 allows for varying length fields. This convention is called a “field 
identifier code.” Whenever a field identifier code is encountered by any of the following data comm 
instructions, execution is terminated and the next instruction will begin. These instructions are: 
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Fl CODES. 


LABEL OP CODE 


A B c _ REMARKS 
TRBA 0-16 Transfer as numeric 
TRE | 0-255 | | _ Transfer alpha 
PAB 0-150 - Print from buffer 
IRCP 0-255 Increment receive character | 
a | _ | 7 ts : ie 


Valid field identifier codes are in columns O and 1 of the USASCII Chart. The two charts below show 
the codes, their 4 bit hexadecimal value and their accompanying flag patterns. 


The codes from column 0 present problems if the “Y’’ flags are used in the TC user program. After 
reading a column O field identifier code, all four Y flags are either set or reset, and the appearance of | 
these Y flags could seriously upset the logic of the TC program if the Y flags are interrogated and acted 
upon without knowledge of these additional flag settings. This same problem could arise when reading 
column 1 codes and when interrogating the K flags. Therefore, the use of these field identifier codes 
must be given careful consideration and their use must be coordinated with the central processor. 


-NOFLAGSSET | YFLAGSSET* | K FLAGS SET* TEST FLAGS SET 
| es eer oe, 3214 UILO 


SOH 0001. ETX 0001 
STX 0010 


ENQ 

ACK 

BEL 
BS 
HT 
LF 
VT 
FF 
CR 
SO 
SI 


*Y and K flags ee are set if “‘1”’ and reset if “‘O”’ 


It is generally agreed. that many of ‘the above USASCII aedes should never appear in a ext. EOT 3 TS 
specifically filtered out by the Data.Communications Processor. NUL does serve as a field identifier but, 
as indicated in the chart above, it terminates the instruction but does not set any flags; neither does it 
reset any previous flags. It merely terminates the instruction. ETX has special significance in that when 
ETX is detected during a transfer instruction, the Overflow flag will be set and the instruction 
terminated. : 


2.12.06 (Cont’d-1) 


Fl CODES 


The following examples show the proper use of field identifier codes. 


Example 1: 


An invoice ship-to region has been defined as consisting of from 2 to 4 lines of not more than 25 
characters per line. In addition, the last line of the ship-to address will determine if the sold-to address is 
*“SAME”’ or if it requires a separate address. 


PROBLEM: The TC programmer must program for variable length fields and for a variable number of 
fields. He must also decide whether to print “SAME’’ in the sold-to address area or to begin printing a 
new sold-to address. 


DECISION: After each field or line of ship-to address a field identifier code will be inserted by the 
central processor. For example, “DC1,” after each line except for the last line of the ship-to address 
which will be “DC2” if the sold-to address is “SAME” or a “DC4” if sold-to address is another distinct 
address. A “CAN”? code will terminate the last line of the sold-to address. 


On the following page are some programing suggestions that will accomplish the necessary invoice 
addressing routine. (Assume the necessary steps have been taken to establish a receive record area, to 
establish alpha constants, etc.) 


This routine is very flexible. Each line printed can be of any length up to 25 characters. If the field 
(line) is less than 25 characters*, the field identifier will terminate the instruction and set a K flag 
pattern. Also, there may be any number of lines to an address since either K1 or K2 will mark the end 
of the last line of the address. | 


*Notice the A parameter of the PAB instruction is 26. The problem definition permits only 25 
characters per line. In the event, however, the field is exactly 25 characters long, the extra character in 
the A parameter will allow the PAB instruction to pick up the field identifier code. Otherwise, the 
character pointer will be pointing at the 26th character at the time of execution of the next PAB 
instruction since it is not incremented when reading an F.I. This PAB instruction would fee me field 
identifier and terminate, instead of reading the next field.. 
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REMARKS 


LABEL = OP CODE A # B CC 

PRTLIN LRBR | RECEIV an : Load Receive Buffer Register 
AL I » 3 _ _ Advance left 1 line 
POS 5 Position to pint 
PAB 26 Print on address line 
EX K 4 1 K4 — means more lines 
BRU PRTLIN +1 Print another line 
EX K 1 3 K1 — ship-to = sold-to 
ALTO 15 Advance to sold-to area 
PA SAME > Print “SAME” 

~ BRU RIBBON Exit the routine 
EX K 2 2 K2 — means sold-to address 
ALTO 15 | Advance to sold-to area | 
BRU PRTLIN +] Base to print new address 
RIBBON ALTO 22 | Ribbon Routine 


Example 2: 


This example shows how field identifier codes may be helpful while constructing messages for 
transmission to the central processor. 


Assume we are in a file maintenance routine and wish to send the name and number of a customer to 
the central processor. Every name has a corresponding number. 


2.12.06 (Cont’d-3) 


PROBLEM: The TC programmer must allow for several such combinations of names and numbers and 
also must distinguish between the names and numbers. 


DECISION: Every name will be followed by the field identifier ““_DC2.”” Every customer number will be 
identified by a trailing “DC4” if there are more names and numbers to follow or a “CAN”’ if the 
current customer number is the last one. After indexing a name, the operator terminates with OCK 1. 
After indexing a number, the operator terminates with OCK 2 if there are more names and numbers and 
OCK 3 or OCK 4 if there are no more. 


LABEL OP CODE A # B Cc REMARKS 

LODBUF LKBR XMIT Load transmit buffer 
AL pi) Advance to type 
POS | 5 Position to print 
TKM 25 Index name/number 
EX K l 2 K1 — means name 
TRCB | ] 1 1,2 = DC2 = OCK 1 
BRU LODBUF #1 Index again 
EX K 2 2 K2 — means number 
TRCB 2 1,4 = DC4 = OCK 2 
BRU LODBUF #1 Index again 
EX K 3,4 3 K3,4 — last number 
TRCB l 8 1,8 = CAN = OCK 3 
SET D 3 Set transmit flag 
BRU AWAY Exit routine 


The function of the “D’’ flag group is to provide a method for interrogating and changing the status of 
the DCP Transmit and Receive Buffers. The ‘“‘R”’ flag group may also be utilized in the same manner as 
the “D’’ flag group. However it is recommended that the “D’’ flag group be used due to timing and 
syllable placement considerations involved in using the “‘R’’ flags. 
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D FLAGS 


RSA | 


2.12.07 .“D'" FLAG GROUP 


All versions of the Series L/TC Assemblers which have the capability of assembling a data communica- 
tions program have been revised to allow any flag in the D Flag Group to be set (SET) and reset (RST). 
Previously the D flags could be interrogated but the status could not be altered. When it was necessary 
for the application program to notify the DCP of a change in the status of the Transmit and Receive 
buffers, it had to be done via the ‘R2 (Ready to Receive new data) or R3 (message ready for 
transmission) flags. | 


It iS sieneated that on the D flag group be ‘used when it is required to set, reset or interrogate the 
status of the DCP. The previous method of oe or resetting the R flags and interrogating the D flags, 
although confusing, will also work. 


IMPORTANT: The CHG or LOD instructions can not be used to enaias or load the R or D flag groups 
when the TC is functioning with any Data Communications Main Memory Firmware Set. The CHG or 
LOD Instructions may be used to enang: or load the R flags only when using any non Data 
Communication firmware set. : 


The following flags are available in the Data Communication Flag Group: 


Di — __ Trouble Flag - 

D2 — _— Message Received Flag 

D3 — | Transmit Ready Flag 

D4 — Micro Flag. Not available to the macro programmer. 


sala SEND AND RECEIVE ADDRESS INSTRUCTIONS 


GP 300 has a group of instructions, which allow the programmer to assume some firmware responsi- 
bilities. An example is the transmission number that is part of the header portion of a message. This 
number is usually calculated by firmware and can be an important programing consideration. There are 
two instructions in GP 300 that allow the programmer to transfer the transmission number to the 
Accumulator and also to assign any 1, 2, or 3 digit number as the transmission number. The 
transmission number must initially be set by the programmer to effectively check for lost messages. 


OP CODE 
RETRIEVE, SEND ADDRESS RSA 
This instruction transfers the two-character send machine address from the send address register in the 


Data-Communications Processor into the four (4) most significant digit positions of the Accumulator. 
The balance of the Accumulator will be zero. 


ee If Send ee is: 1A, Accumulator a be as follows: 


SOENMOOGMGAAA A ACCUMULATOR DIGIT POSITION 


2.12.07 


These two characters may be any characters from columns 2 through 6 of the USASCII set (except cir- 
cumflex and underline). With a range of 78 different characters in each of the two positions, the total 
machine address range potential would be 6,084 different combinations. 7 


OP CODE 
LOAD SEND ADDRESS LSA 


This instruction transfers the four most significant digits of the Accumulator into the Send Machine 
Address: Register in the Data Communications Processor. Only the 4 most significant digits of the 
Accumulator may contain significant digits (i.e., 2 characters). The balance of the Accumulator must 
contain zeros. 


Example for loading Send Address: 


LKBR WORK DESIGNATE MEMORY AREA 
TKM Zz ENTER 2 CHARACTER ADDRESS 
TRA WORK TRANSFER TO ACCUMULATOR 
LSA LOAD SEND ADDRESS | 
WORK REG l RESERVE MEMORY AREA 
OP CODE 
RETRIEVE RECEIVE ADDRESS RRA 


This instruction functions in exactly the same fashion as RSA, except it will transfer the machine 
address from the Receive Address Register in the Data Communications Processor into the four (4) most 
significant digit positions of the Accumulator. The balance of the Accumulator will contain zeros. 
Generally the Receive and Send Machine Addresses are alike, however, a condition can exist where they 
could be different. 


Normally, in addition to the Receive and Send addresses, the TC has a permanent machine address, 
located in word 1064. This address is loaded into the Send and Receive register every time power is 
turned on or when the program halt button is used. The Ready Button has no effect on Send or 
Receive addresses. 


The Permanent machine address can be changed by unprotecting block 4, track 4, and using Memory 
Modify. 
OP CODE 
LOAD RECEIVE ADDRESS — LRA 


This instruction transfers the contents of the accumulator into the Receive Machine Address Register in 
the Data Communications Processor. Only the four (4) most significant digit positions of the on 
lator may contain significant characters. The balance of the Accumulator | must contain Zeros. 


Refer to example for loading send machine sagiae 
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2.12.09 TRANSMISSION NUMBERS 


The TC may catntain a panei son ‘amber that accompanies every message it sends. to. a central 
processor. It may be a one, two or three digit number, or no transmission number. A separate trans- 
mission number is maintained for normal transmission, group select and broadcast select. 


If the transmission number is one digit only, it will return to zero every ten transmissions. If it is a 


two-digit number, it will return to zero after each one hundred transmissions, and for a three-digit 
number after every thousand transmissions. 


The Send Transmission number is included in the header of all data transmissions from the terminal and 


is automatically incremented by 1 when transmission has succeeded so that the next message. will carry 
the next transmission number in sequence. 


The Expected Receive Transmission number is maintained by the data communications processor, and 


automatically compared with the actual transmission number on all data messages received from the data 
center. 


If a message iS received successfully from the data eenten the super ied: transmission muimber is 
incremented in n anticipation of the next message transmission number. 


If the transmission number from the data center does not agree with the expected transmission number 
in the TC, the transmission failure flag (D1) is set. This flag can be interrogated by the user program for 
necessary recovery procedures. The D1 flag will be reset by the next transmission received, unless the 
number still does not agree 


OP CODE 


RETRIEVE SEND TRANSMISSION NUMBER | ss RSN 


This instruction transfers the 1, 2, or 3 digit USASCII Send Transmission Number from its register into 
the 2, 4, or 6 most significant digit positions of the Accumulator. The balance of the Accumulator will 
contain zeros. The user program will process the send transmission number depending on requirements. 


-OP CODE 


LOAD SEND TRANSMISSION NUMBER . LSN | 


Execution of this instruction will cause transfer of the Accumulator to the Send Transmission Number 
Register. Only the 2, 4, or 6 high order digit positions may contain significant digits. The rest must 
contain zeros. (The number of positions in the Accumulator that may contain significant digits is 
determined by the length of the Send Transmission Number — 1, 2, or 3 digits.) 


NOTE: The Transmission Number must be in the high order positions of a word. IT IS IMPERATIVE 
THAT THE. SEND TRANSMISSION. NUMBER BE SET UP AS USASCII NUMERALS. IF THE 
NUMBER IS SET UP IN THE NUMERIC MODE (4 BIT DIGITS), COLUMN 0 USASCII CODES WILL 
BE INSERTED IN THE HEADER PORTION OF THE MESSAGE WHICH WILL EVENTUALLY 


CAUSE A DATA LOSS WHEN THE TC ATTEMPTS TO TRANSMIT THE MESSAGE AFTER 
INCREMENTING THE TRANSMISSION NUMBER. 


2ALZOD go 2 


As a result of the addition of fast select, group select, and broadcast select three sets of expected 
transmission numbers are maintained by 2-1044-006-00 in those processors that use TR numbers. The 
following instructions are provided to load and retrieve the three sets of transmission numbers. Standard 
Select and Fast Select use the same Expected Transmission number. 


OP CODE 
RETRIEVE EXPECTED TRANSMISSION NUMBER RTN 


The RIN instruction transfers the 1, 2 or 3 USASCII numeric Character “Expected Transmission 
Number” from its appropriate Register into the 2, 4, or 6 most significant digit positions of the 
Accumulator. The balance of the Accumulator will contain zeros. This instruction retrieves the Expected 
Transmission Number (word 1190) for Select and Fast Select messages. 


OP CODE 
LOAD EXPECTED TRANSMISSION NUMBER REGISTER LTN 


The LTN instruction transfers the contents of the Accumulator into the Expected Transmission Number 
Register for messages received. Only the 2, 4, and 6 most significant digit positions of the Accumulator 
may have significant characters. The expected Transmission number may be up to 3 USASCII numeric 
characters in length. The balance of the Accumulator must contain zeros. This instruction loads the 
expected Select and Fast Select Transmission number. 


OP CODE 
RETRIEVE EXPECTED GROUP TRANSMISSION NUMBER RGN 


The RGN instruction transfers the Expected Group Transmission Number from the Expected Group 
Transmission Number Register (word 1192) to the Accumulator. The Expected Group Transmission | 
number may be up to 3 USASCII numerals in length and will occupy the most significant positions in 
the Accumulator. The remaining positions are ignored. 


OP CODE 
LOAD EXPECTED GROUP TRANSMISSION NUMBER LGN 


The LGN instruction transfers the contents of the Accumulator into the Expected Group Transmission 
Number Register. The Expected Group Transmission number may be up to 3 USASCII numeric 
characters (left. justified) in length and although the entire Accumulator is transferred, the remaining 
locations are ignored. 


OP CODE — 


RETRIEVE EXPECTED BROADCAST TRANSMISSION NUMBER RBN 


The RBN instruction transfers the Expected Broadcast transmission number from its register (word 
1193) to the Accumulator. The Expected Broadcast Transmission number may be either 0, 1, 2 or 3 
USASCII numeric characters in length and is contained in the most significant digit positions of the 
word in the Data Communications Processor and, after the transfer, in the most significant digit 
positions of the Accumulator. Any remaining digit positions are ignored. | BS _ 
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LOAD EXPECTED BROADCAST TRANSMISSION NUMBER —sSMLBN’ 
LBN transfers the contents of the Accumulator into the Expected Broadcast Transmission Number 
Register in the Data Communications Processor. The Expected Broadcast Transmission Number may be 


O, 1, 2 or 3 USASCII numeric characters located in the most significant positions of the Accumulator. 
The remaining positions, although transferred, are ignored. 


OP CODE | 
RETRIEVE TRANSMISSION HEADER RTH 

The Retrieve Header Transmission Number (RTH) instruction transfers the Transmission Header Register : 
(word 1184) into the Accumulator. This register is loaded with the 8 characters following the start of 
header (SOH) character of any message received whether by select, fast select, group select, or broadcast | 
select. Among these 8 characters will be the transmission number of the message received if the DCP. 
uses TR numbers. The numbers will be in their 8-bit USASCII representation. The format of this register 
for each of the four cases (0, 1, 2, or 3 transmission numbers) is shown below. When necessary to 
determine the communications procedure used by the data center, a character in the text of the message 


can be used to indicate how the message was transmitted. Below is the format of the transmission 
eae register for 0, 1, 2, and 3 transmission number systems. 


3 Teneision Numbers 


Character a 6 5 4 3 | 2 1 0 
Position Six TEXT DATA 


2 Transmission Numbers 


Character ees Ge. Be ee a we 3 My, 2 pte al 0. 


Position TEXT DATA 


1 Transmission Number» 


Character | a 6 5 4 ey ae ) aee ee (ee 8 
Position 


mm) Tensniewa Number | 


Character 7 6 5 4 3 zZ — ] | 0 


Position ADI TEXT DATA 


2.12.10 SPECIAL PURPOSE REGISTERS 


The TC may be connected to a central processor two ways. When operating in two-wire direct connect 
(TDI) or over leased duplex (four-wire) lines, a four-wire mode must be specified. When operating over a 
switched line or through pa oe a (two-wire) leased line, two-wire mode must be specified. 


2.12.09 (Cont’d-2). 


The Data Communications Processor contains a special register to enable two or four wire transmission 
mode. One bit in this register is used to determine which mode is active. | | 


OP CODE 


RETRIEVE TWO/FOUR WIRE REGISTER | RTF 


Execution of this instruction will transfer the contents of the two wire/four wire register into the 
Accumulator. When the Accumulator M Flag is on, the mode is two wire; when it is off the mode is 
four wire. Like other “‘Retrieve’”’ instructions, the user program must then interrogate the Accumulator 
flag and perform according to program requirements. 


LABEL OP CODE — A 


B Cc REMARKS 
LTF | —_ Load Two/Four Wire Register 


Execution of this instruction will transfer the contents of the Accumulator into the Two or Four wire 
register. The mode will then be 2 or 4 wire eae upon the status of the Accumulator M flag at 
the time of execution. | 


OP CODE — 
RETRIEVE POINTER REGISTER a RPR 


This instruction will transfer the contents of the Character Pointer Register into the Accumulator. All 
digits in the Accumulator will be hexadecimal and the format of the Accumulator will be as follows: 
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B 
Www L WwW 
0O0OO 0O0O 
RRR CRR 
DDD K DD 
vbw wee ACCUMULATOR DIGIT POSITION | 


RCP SCP 
BASE BASE 
LRBR LKBR 
| WORKING LRBR WORKING LKBR 
BASE LRBR BLOCK 1 
WORD 097 (352) 
- WORKING LRBR BLOCK 1 
WORD 98 (353) 
RECEIVE CHARACTER POINTER 12 
BASE LKBR BLOCK 1 
WORD 161 (416) 
WORKING LKBR BLOCK 1 
| WORD 67 (322) 


SEND CHARACTER POINTER 19 


2.12.09 (Cont’d-4) 


When controlling the loading of a buffer, it is necessary to be able to check the buffer capacity at the 
start of each line of the message. 


We must establish that we can put another full message line in the buffer. 


To do this, we use a technique which examines the SCP 


Example 2: Buffer size 


Maximum Line 
SCP Limit 


255 CH+ 


SCP is hexadecimal. Therefore, 


195 = C 3 in digit positions 5-4 


RPR RETRIEVE POINTER REGISTER 
SKL 5 12 3 TEST FOR UPPER DIGIT < 12 
EXL 5 13 1 TEST FOR UPPER DIGIT = 12 
SKL 4 4 1 TEST FOR LOWER DIGIT < 4 
BRU TRANSMIT IF NO. OF CHARACTERS > 195 
~ BRU CONTINUE IF NO. OF CHARACTERS < 195 
Example 3: | Buffer Size 255 CH+ 
Maximum Line 63 CH- 
SCP Limit 192 CH 
Therefore, SCP = C 0 
RPR 
EXL 5 12 1. TEXT FOR UPPER DIGIT < 12 
BRU CONTINUE IF NO. OF CHARACTERS < 192 
BRU TRANSMIT IF NO. OF CHARACTERS > 192 


LOAD POINTER REGISTER 


OP CODE 
LPR 


Execution of this instruction will transfer the contents of the Accumulator into the Character Pointer 


Register. 
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SUBJECT 2.13 — POINT-TO-POINT PROGRAMING PROCEDURES 
2.13.01 BASIC POINT-TO-POINT LINE DISCIPLINE 


Point-to-Point Firmware provides the TC with a contention type line control procedure which allows 
Series TC Computers to communicate on an equal basis with another Data Communications Unit (CPU 
or another TC). The basic Point-to-Point line discipline does not provide a terminal addressing scheme 
nor a transmission number sequence. Since an address scheme is not provided, only two units can be 
listening to the line at any given time. When operating in this mode, the TC can communicate with a 
CPU or another TC. When this Line Discipline is implemented, either unit on the line can initiate 
transmissions without previously being interrogated (TC does not have to be polled). 


In a Point-to-Point environment, the TC must normally contend for control of the line before it can 
transmit a message. After a successful transmission is completed, control of the line is given to the 
receiving unit. The receiving unit may then, if transmit ready, transmit a message without having to 
contend for control. If the receiving unit is not transmit ready, the sequence is terminated. 


A TC can operate in a switched line, leased line or a direct connect communication network when 
utilizing Point-to-Point Firmware. 7 ; | 


Point-to-Point Data Comm Processor (DCP) firmware is compatible with all standard main memory Data 
Comm Firmware sets. 


2.13.02 CONTROL REGISTERS 
Five Control Registers are provided which allow user program control of the functions listed below. 


Time Out Limit _ 

Demand Disconnect 

Idle Line Disconnect 

Line Mode (2 wire or 4 wire) 
NAK/NO Response Limit 


The Control Registers can be controlled by user program or they can be set manually when the TC is 
installed. To avoid the possibility of human error it is recommended that the Control Registers be set by 
the user program. 


a. Accessing of Control Registers: 
The Control. Registers are stored in the DCP memory (word 1188) and are accessed via the 
RTF and LTF macro instructions. The RTF instruction retrieves the control register word and 
stores it in the accumulator for manipulation. The LTF instruction transfers the contents of 
the accumulator to the control register word in the DCP memory. 


b. Control Word Format: 7 
The five control registers are arranged within the control word in the (lowing manner: 


2.13.01 © 


PT TO PT 


LINE MODE — Digit Position 15. 

NAK/NO RESPONSE LIMIT — Digit positions 7 and 6. 
TIMEOUT LIMIT — Digit positions 5 and 4. 

DEMAND DISCONNECT — Digit position 2. 

IDLE LINE DISCONNECT — Digit positions 1 and 0. 


The digit positions within the control word which are not used must be set to zero. 


c. Time Out Limit Register: , 
The length of time which the TC will wait for a response after transmitting is determined by 
the value in the Time Out Limit Register. 


The Time Out value for the two units must be different to avoid “locking up’’ the line when 
both units are contending for control of the line at the same time. The optimum difference 
between timeout values is 500 milliseconds and this difference should be maintained if 
possible. 


The time out value in the TC can vary from 0 to 2550 milliseconds. To determine the minimum time 
out value double the turn around time of the data set being used and add 100 milliseconds. 


EXAMPLE: 
If communication is over switched lines, using 202C data sets, the Time Out Limit should be determined 
and set as follows: 


Minimum Time Out = Time X 
Maximum Time Out = Time Y 
Turnaround time of 202C data set = 200 milliseconds. 


Time X = (200ms) (2) + 100 ms = 500 ms 
Time Y = Time X + 500 ms = 1000 ms 


The value which is inserted into the Time Out Limit Register to achieve the desired time out 
limit is the hexadecimal representation of 1/10 of the desired time out limit. 


EXAMPLE: | 
Using the time out limit for time X computed in the example above, the values which would 
be inserted into the Time Out Limit Register would be as follows: 


Value for TIME X = 1/10 X 500 = 50. 
50 expressed hexadecimally = 32. 


A hexadecimal value of 32 would be inserted into the Time Out Limit Register to 
achieve a Time Out Limit of 500 milliseconds. 
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PT TO PT. 


When the DCP. transmits or Receives a DLE-EOT message the trouble flag (D1) and an 
Indicator Register flag are set for user ee meee Oo. 


dt NAK/NO Rasponse Limit: | 
The number of times that the TC will attempt to transmit an ENQ or TEXT Ketere taking 
alternate actions is determined by the value in the NAK/NO Response Limit Register. 


When the TC receives a NAK or a time out occurs, the TC will increment the NAK/NO 
Response Counter and check the new count against the limit register. If the limit has not been 
reached, the TC will return to the Transmit sequence and attempt to transmit the message 
again. Upon reaching the NAK/NO Response Limit the Data Comm Processor (DCP) sets the 
Trouble Flag (D1) and an Indicator Flag for user program interrogation. The Data Comm 
Processor will then delay retransmission of its message for two seconds. During this 

transmission delay the DCP is sensitive to the line and can receive a message. This delay is 
required to permit the unit with the longer time out limit to gain control of the line if it has 
been sending NAK's due to having its receive buffer loaded and it has a message to send. 


The value which is inserted into the NAK/NO Response Limit Register is the hexadecimal 
representation of the desired decimal value. For example, if it is desired to set.the NAK/NO 
Response Limit to 10, a hexadecimal value of A would be inserted into the register. 


e. Demand Disconnect: : 
A Demand Disconnect sequence is provided to allow a TC to programmatically disconnect the 
line. When a TC demands a disconnect a DLE-EOT message is automatically transmitted. The 
trouble Flag (D1) and an Indicator Register Flag is set when a TC transmits or receives a 
DLE-EOT message. 


The disconnset sequence is under the control of the user program and is initiated by setting 
the Demand Disconnect Register to a value of 1. The Demand Disconnnect Register must be 
set to 0 at all other times. The disconnect sequence can be used by a TC running in the 
unattended mode to notify the other unit that it has completed transmission and is going to 
turn itself off. | 


Additional eeaiities of the Demand Disconnect feature will be published later. 


f. Idle Line Disconnect: 
When the line has been inactive for the length of time specified in the Idlé Line Disconnect 
Register, an Idle Line Timeout is declared and a DLE-EOT message is transmitted by the DCP. 
The length of time specified in this register can vary from approximately 1 minute to 42 
minutes or it can be set to never declare an Idle Line Timeout. However, the minimum time 
allowed by the DCP is 60 seconds regardless of the time specified in the Register. 


The number which is inserted into the Idle Line Disconnect Register to achieve the desired 

length of time for an Idle Line Timeout is in hexadecimal format and has a weighted value of 
10 seconds. The correct value can be determined by dividing the number of seconds desired 

for an Idle Line Timeout by a factor of 10 and then converting the resulting quotient to its 
| corresponding hexadecimal value. 
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PT TO PT 


EXAMPLE: 


The value to insert in the Idle Line Disconnect Register to declare an Idle Line Timeout after 
5 minutes may be computed in the following manner. | | | 


1 5 minutes X 60 = 300 seconds 

2. 300 divided by 10 = 30 

3. 30 expressed hexadecimally = 1E 

4. 1E would be inserted into the register. 


If it is desired to never declare an Idle Line Timeout, a value of 00 must be inserted into the 
Idle Line Disconnect Register. 


Additional capabilities of the Idle Line Disconnect Register will be published at a later date. 


g. Line Mode: 
The Line mode register is used by the DCP to determine the line configuration in which it is 


operating. This register must be set properly to provide the correct timing for the type of line 
being used. 


The values for the two modes of operation are: If 2 wire mode is used, insert a value of 8 in 
the reeetel if a 4 wire mode is used, insert a O in the register. 


EXAMPLE, 


The “otto registers could be set programmatically using the parameters listed below: 


PARAMETERS: 


LINE MODE — 2 wire 

NAK/NO Response Limit — 6 
TIMEOUT LIMIT — 500 Milliseconds 
IDLE LINE DISCONNECT — 5 minutes. 


LABEL INST A B Cc REMARKS 
CTLREG CLA 0 0 CLEAR ACCUMULATOR 
SET A M SET 2 WIRE MODE 
INK 6 6 SET NAK/NO TO SIX 
INK 5 3 SET UPPER TIMEOUT 
INK 4 2 SET LOWER TIMEOUT = 500 ms 
INK 1 41 SET UPPER IDLE LINE 
INK. 0 E SET LOWER IDLE LINE = 5 min 
LTF | LOAD CONTROL REGISTERS 


2.13.03 INDICATOR REGISTER FLAGS 


Fight flags are Srovided i in the Indicator Register to allow the user program to aienouste the cause of 
exception conditions. which can occur in the Data Comm Processor. The Indicator Register is is | located in 


the DCP (word 1197) and is accessed via the RPF and LPF macro instructions. | 
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PT TO PT 


| OP CODE 
RETRIEVE PROBLEM FLAGS - RPF 


The RPF instruction transfers the contents of the Indicator Register from the DCP to the Accumulator 
where the flags can be tested using the Accumulator flag OUP (A flags). | 


LOAD PROBLEM FLAGS Oo LPF 


The LPF instruction transfers the contents of the Accumlator to the Indicator Register in the DCP. 
The following flags are provided in the Indicator Register. The Flags in Group 1 are located in digit. 


position 15 of the register (word 1197) and the flags in group 2 are located in digit pone 14 of the — 
Indicator Register. 


Group |: 
“A” FLAG Exception Item — 
M Received DLE-EOT message 
C Transmitted DLE-EOT message 
S - Break | | 
= 7 NAK/NO Response limit reached. 
Group 2: | 
“A”? FLAG Exception Item 
MM” Received Buffer overload 
C Transmitted Buffer overload 
S Parity Error Received 


_ Invalid Character Received 
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NOTE: Flag Group 2 must be shifted into digit position 15 of the accumulator before testing. 


The Flags in Group 2 are provided mainly as a debugging aid to help in qualifying a data 
communications network and/or application programs and normally would not be used in a live 
operating environment. 


a. Trouble Flag: 
When a condition occurs which causes an Indicator Flag to be set, the Trouble Flag (D1) is 
also set. The Trouble Flag can only be tested by the user program using skip and execute 
instructions: It cannot be set or reset. The Trouble Flag is reset by firmware when it finds 
that the Indicator Flags have been reset by the user program. 


b. Program Requirements: 
' The following steps are recommended in handling exception conditions in order to get a valid 
test of the Indicator Register Flags and to avoid the possibility of losing an Indicator Flag 
setting: 


1. Test Trouble Flag (D-1): If set, go to Step 2; if reset, continue mainline program. 
2. READ Indicator Flag Register to the Accumulator. 


3. Test if any Indicator Flags are set. © 
1. If set — Goto Step 4. _ 


2. If reset — Return to mainline program (see note below). 
4. Process all Flags set (more than one can be set). 
5. Reset Indicator Register. 


NOTE: It is possible under some circumstances for the User Program to retest D-1 before 
Firmware can reset D-1. 
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PT TO PT 


EXAMPLE: 


The Indicator Flags could be tested for in the following manner: 


LABEL 


TSTERR 


GP2FLG 


RESET 
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INST 


Had 


D 
TSTERR 


A 

1 

] 
GP2FLG 
A 

NAK 

A 
BREAK 
A 
TRMEOT 
A 
RECEOT 
RESET 

| 

A 
STRANG 
A 
PARITY 
A 
TROVER 
A 
RCVOVR 
0 


-SCM 


REMARKS 


TEST FOR DATA COMM ERROR 
GO TEST ERROR 

7 
RETRIEVE INDICATOR FLAGS 
TEST NEW TROUBLE GRP 1 FLAG 
TEST NEW TROUBLE GRP 2 FLAG 
RETURN — NOT NEW TROUBLE 
TROUBLE IN GROUP 2 
TEST NAK/NO LIMIT 
GO PROCESS ERROR 
TEST BREAK 
GO PROCESS ERROR 
TEST TRANS DLE-EOT 
GO PROCESS — DISCONNECT 
TEST RECEIVE DLE-EOT 


GO PROCESS — DISCONNECT 


TEST TROUBLE THIS GROUP 
GO RESET INDICATOR FLAGS 
POSITION GP2 FLAGS 

TEST STRANGE CHAR 

GO PROCESS 

TEST PARITY ERROR RECV 
GO PROCESS © 

TEST TRANS OVERLOAD 

GO PROCESS 

TEST RECV OVERLOAD 

GO PROCESS 

CLEAR FLAGS 

RESET INDICATOR REGISTER 
RETURN TO MAINLINE 


2.14 — CENTRAL TC CONTROLLER PROGRAMING PROCEDURES 


Central TC Controller (CTCC) is a Data Communications Processor (DCP) firmware set which allows a 
TC to assume the Data Communication I/O functions of a central processing unit in a polling and 
selecting environment. A TC which utilizes the Central Controller DCP Firmware can control from 1 to 
16 remote TC’s in an on-line applicational environment. 


The Central TC Controller operates in a standard Polling and Selecting line control environment. In 
addition to standard selection of remote units the following types of special select formats are provided: 


Fast Select, Group Select, and Broadcast Select. 


The polling or selecting of the various terminals in a network is controlled by a series of 16 control 
words which are stored in the memory of the Data Communications Processor. These control words can 
be easily accessed and manipulated as required by macro programing techniques thus giving the user 
program positive operational control of the network. 


In addition to controlling the polling and selecting operations, the line discipline of the Central TC (the 
term used to describe the TC loaded with the CTCC firmware) can also be controlled. This is possible 
because the line discipline of a Central TC is not buried in the program codes of the Data Comm 
Processor. Instead, it is specified and controlled by a collection of Line Procedure Format Registers. A 
degree of flexibility of line discipline is thus achieved because a change of line discipline does not 
require a change in the firmware. 


The controller will function via a switched, leased or direct connect line configuration. 


The following sections discuss in detail: the line disciplines of a Central TC 500 as controlled by the 
Format Registers; the Data Comm Processor operations of polling and selecting as controlled by the 
Control Registers; and the Main Memory firmware requirements. 


2.14.01 LINE DISCIPLINE FORMAT REGISTERS 


Several disciplines are made possible through the use of the Central TC Controller firmware. The line 
procedures that can be implemented by this new Data Comm firmware are: poll, select, fast select, 
group. select, and broadcast select. 


Each line procedure uses two Format Registers; each register consists of one word or eight (8) 
characters. The most significant character position is called the Data Character Counter (DCC) and is 
used to specify the number of significant characters contained in the Format Register (this is incicatec 
in digit position 14) along with other information (digit position 15). The seven (7) remaining character 
positions accommodate the necessary format character which must be right justified. Dummy characters 
are used as substitute for the address (AD1, AD2, and group address) and the transmission number 
(TR1, TR2, and TR3). The actual terminal address and transmission number will be fitted in by the 
Controller firmware during the actual transmission. 
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The dummy characters used in each of the Format Registers are further defined: . _ | 


Character i Dummy Hexadecimal Value 
ADI 80 
~AD2- 8A 
These values must be = = TRI ee ate 2 PRBS eS 
.> used ina three-(3). 5. Se ee RD ete ae BD 
TR # system. ae S * PRB OS St ee RA ee | 
Must be usedinatwo(2)° si TTRE BD 
TR # system. | ; _TR2 8A 
“Value inaone(1)TR#system. =  °©TRI | 8A 


All of the actual characters to be transmitted from each of the Format Registers have their normal 
USASCII format with their parity bits” equal to zero ©). Their corre Parity bits - are p eenerared by 
hardware as each character goes out on the line. 


The succeeding sections specify the formats. of the individual pairs of Format t Registers used with the 
various line disciplines supported by the Central TC Controller. © | ‘ US Has 


a. Poll Format Registers at ees BE 
7 These two registers are the Poll Message Register and the ¢ Expected I Header Resist: 


The Poll Message Register is located in word 1155 and consists of the actual (and dummy) 
characters, right justified and in their proper sequence, that are used to poll the slave 
terminal(s). The Data Character Counter (DCC) in character position eight (8) of the Poll 
Register contains a value from zero (0) to six (6) depending on the number of characters in 

the poll message. A poll message one (1) character in length would have a DCC value of zero 
(0). A poll message seven (7) characters in length would have a DCC value of six (6). 


EXAMPLE: Poll Message Register containing the standard TC polling characters. 


Character Position 8 7 #46 #5 4 32 


Word 1155 ox Tor [oo To [oo Ta [0 To] a 


EOT ADI AD2 POL ENQ 


‘The Expected Header . Register is located in word 1154 and consists of the actual (and 
dummy) characters, right justified and i in the sequence desired are in the header portion of the 
remote terminals message. A comparison is made using only the first and last character of the 
actual received header against the first and last character of the expected header. The DCC in 
character position eight (8) of the Expected Header Register again contains a value from zero 
(0) to six (6) depending on the number of characters loaded into the register. The BCC is 
computed, stsENS, with the. pone significant character in the se Header Register. 
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EXAMPLE: Expected Header Register containing the standard TC header for a three-digit 
transmission number system. 


Character Position 


8 7 6 5 4 3 2 
word iss [06 [ 1 [oo [si] w | | way oo 


DCC SOH ADI AD2_ TRI TR2 TR3 STX 


b. Select Format Registers 


There ate two select registers; the Select Message Register and the Header Format Register. 


The Select Message Register is located in word 1157 and contains the characters (both actual 
and dummy) that are used to select the slave terminal(s). 


EXAMPLE: Select Message Register with standard TC select characters. 


Character Position 8 7 6 5 4 3 2 1 
words? [oe [oo [oo [ow [eo [a [a [os 


DCC EOT ADI AD2_ SEL ENQ 


The Header Format Register is located in word 1156. It contains the characters (actual and 
dummy) that are in the header portion of the Central TC’s message. Depending on the number 
of characters in the header, character position eight (8) of the Header Register contains one of 
the following hexadecimal values for the DCC. | 


No. of Characters in Header | 3 | DCC Value 
i 08 
Zz O9 
3 OA 
4 OB 
5 04 
6 05 
7 06 


The BCC is computed, starting with the second significant character in the Header Register. 


EXAMPLE: Header Format Register containing the standard TC header for a no transmission 
number system. . 


Character Position 8 7T 66 5 4 3 2 | 
woattss [os [oo | o [wo] a] ol] slo, 


DCC — SOH ADI AD2_= STX 


c. Fast Select (FSL) Format. Registers : 


The characters used in. implementing the fast wee. ine: dictoine are defined as those 
characters that precede the actual message text. They are further defined as consisting of a 
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first -half (all characters. up to and including the SOH) and oe second half “(all characters 
following the SOH up to and peanne the STX). Each halt of the fast select ae has a 
separate format register. | | 


The first half is located in word. 1159, Chanictes position eight (8) of word 1159 contains 
| both the Data Character Counter (in digit position 14) and. ‘special information (digit position 
15) peculiar to halved line discipline formats. Depending on the number of characters in the 
first half lie eet position 14 contains one of the following hexadecimal values for the 
DCC. 7 | | 3 : 


No. of Characters in First Half DCC Value 


IY An BR wWND & 
nnhk WwW D> © CO. 


Digit position 15 contains one of three possible hexadecimal values. A hex 4 indicates there is 
no second half. _ In this case, the actual message text is transmitted immediately after the first 
half. A hex 8 indicates the characters in the first half register are not to be transmitted; 

proceed to ape the second half. Hex 0 implies normal (first and second half) last select. 


The BCC computation does not include any of the characters i in ‘the first halt register. 
EXAMPLE: Fast Select Format Register (first half) indicating no second half. 


Character Position 8 7 6 5 4 3 2 l 


Word 1159 £44 / 00 / 00 / 044 / 80 / 81 / 73 / O1 / 
| D EOT AD1 AD2 FSL_ SOH 
s ‘ | 
oe 


The second half of the fast select format is located in word 1158. Again character position 
eight (8) contains both the DCC (digit position 14) and special information (digit position 15), 
The possible hexadecimal values for the DCC are the same as those outlined for the first half 
eet Digit position 15 of the second half register contains one of four possible values. 


| Hexadecimal QO —- Implies normal mode. © 
a Hexadecimal 2-2 = : | Indicates the first half register contains four (4) characters or less. 
me Hexadecimal 4 -. Indicates there is no first half. | | 

Hexadecimal 8 — The characters in this register are not to be transmitted; hres to 


| actual message text, 
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The BCC is computed, starting with the first significant character in the second half register. 


_ EXAMPLE: Fast Select Format Register (second half) indicating first half contained 4 characters 
or less. 


Character Position 8 | 7 6 5 4 3 2. | 


Word 1158 | Ls Le ToT 738/89 / 8a [02 / 
AD! AD2 TRI TR2 TR3 STX 

: 

C 


d. Group Select (GSL) Format Registers 
The GSL Format Registers also specify a first half and a second half. The first half is located 
in word 1161, the second half in word 1160. Their structures are identical to those of the 
first and second halves respectively, of the Fast Select Format Registers. 


Broadcast (BSL) 

The Broadcast Format Registers again specify a first half ee in word 1163) and a second 
half (located in word 1162). Their structures are also identical to those of the first and second 
halves, respectively, of the Fast Select Format Registers. | 


e. Summary 
When the Central TC Controller firmware is first loaded into the machine, all format registers 
become initialized to their corresponding standard (3 transmission numbers) TC line disci- 
plines. These disciplines can be changed to meet most non-Burroughs standards by altering the 
contents of the appropriate Format Register(s). 


However, in spite of this scheme to seek flexibility, certain basic structures of line disciplines 
have to be adhered to. Refer to charts 1, 2 and 3 at the end of this subject for illustrations of 
the basic structures for polls, selects, fast selects, group selects, and broadcast selects. 


2.14.02 DATA COMM PROCESSOR OPERATIONS 


The speidon of the Data Comm Processor of a Central TC is dictated by the contents we sixteen (16) 
Control Registers. Since each terminal connected to a Central TC requires the use of only one (1) 
Control Register, the CTCC firmware can handle up to sixteen (16) terminals at any one time. 


These registers occupy memory words 11841 a in the DCP memory. Each register is one () word in 
length and contains: 3 | | 


1. The address" (ADI, AD2, and group address) of its associated ‘terminal. This information iS 
contained in character positions 8, 7 and 6 respectively. 


2. The beginning transmission number of the ‘Guteone message to this terminal in a three (3) 
‘transmission number system, character positions 5, 4 and 3 of the Control Register are used for the 
TR numbers. In a two (2) TR number system, character positions 4 and 3 are used. A one (1) TR 
number system. uses character position 3. In a zero TR number aystem character positions 5,4 and 
3 must be cleared. 
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3%... Sascien indicators to service this Genninal ‘These are located in Siaapies position I 


The Control Registers are placed in memory in the form of a list. The Data Comm Processor will 
process this list of sixteen (16) Control Registers one at a time, in sequence, beginning at the top. 
It will perform the function(s) indicated by the Operation Indicator(s) contained within the 
Control Register. Thus, the terminals will be serviced in the sequence in which their corresponding 
Control Register is placed. When the 16th Control Register is processed, operation will return to 
the top of the list. Should less than sixteen terminals be connected ‘to a Central TC, and AD1 
hexadecimal value of 00 in the first un-used Control Register causes the Data Comm Processor to 
return to the register at the top of the list. Any column 0 code from the USASCII chart (except 
00) or any column 1 code used in place of AD1, causes the current. register to be skipped. - 
Operation then proceeds to the next Control cee in the list. | 


ay Operation Indication © 


As mentioned, Operation Indicators occupy the least cicitioand character position of a 
_Control Register. Their individual bit allocations are shown: 


Character 1 ar) 4 2 an 8 4 ; re 


of Control | | | | tT | ~— -& poll Indicator 
Regist - | 
CPi ~ Select Indicator 


Firmware use only 
Fast Select Indicator 
~ Group Select Indicator — 
— Broadcast Indicator 
Unassigned 


2 wire/4 wire Indicator 


If any of the above operations result in no response, strange response, or inability to transmit 
a message, due to some condition at the remote terminal, the Data Comm Processor times out 
and goes into an idle state. A special flag (D1) is set and the exact cause of the time out is 
contained in a special Time Out Register. This register is available to the macroprogram. (See 
section on Data Comm Processor Time Out.) 


1. Poll Indicator | | 
The Poll Indicator is normally reset. To poll a terminal, the Main Processor sets the 
Poll Indicator of a Control Register, as specified by the macroprogram. The input 
buffer of the Data Comm Processor should be empty and D2 should be reset. The 
Processor will not poll any terminal unless D2 is reset. After a successful poll, the 
Poll Indicator will be reset, and the Message Received Flag (D2) set. A special 
register (called the Header Register) containing the received message header, right 
justified, is available. This allows the macroprogram to retrieve the address of the 
terminal from which the message came, and the transmission number of the message 
received. By numbering the terminals sequentially, and organizing the Control 
_ Register list in the same manner, the address in the Header Register serves as a 
pointer to its corresponding Control Register. Upon completion of a poll procedure, 


the Data Comm Processor will time out and assume the idle state. The other bits in 
2.14.02 (Cont’d-1) —. cae | | 


the Operation Indicators will be interrogated only when the macro programmer 
releases the processor from its idle state. This is accomplished through the use of the 
RESUME command. 


Select Indicator , 

This indicator is normally reset. To transmit a message to a terminal, the 
macroprogram must transfer the message to the output buffer, set the Transmit 
Ready Flag, and set the Select Indicator in the appropriate Control Register. The 
Data Comm Processor then selects this terminal when its Control Register is 
processed. The Select Indicator is reset by firmware after a successful Select. 


Fast Select Indicator 

This indicator is normally reset. To transmit a message to a terminal via Fast Select, 
the macroprogram must set up the output message, set the Transmit Ready Flag, 
and set the Fast Select Indicator in the appropriate Control Register. The Data 
Comm Processor then Fast Selects this terminal when its Control Register is 
processed. The FSL Indicator is reset by the CTCC after a successful Fast Select. 


Group Select and Broadcast Indicators 
Both of these indicators perform their respective functions in the identical manner 
of the Fast Select Indicator. 


2 Wire/4 Wire Indicator _ | 
This indicator must be set by the macroprogram for a 2 wire system. It must be 
reset (0) for a 4 wire system. 


The following example illustrates the initial format of the Control Register in a 
three (3) terminal, 4 wire, network using a two-digit TR number. 


Character Position 8 7 6 5 4 3 2 l 


Word — 1184 /31 / 41 / 31/ 00 / 30 / 30 / 00 / 1/7 


AD1 AD2_ GSL TRI TR2 POL 
Character Position 8 7 6 5 4 5 2 l 


Word = 1185/33, / 42 7 31 / 00 / 30 / 30 / 00 / o1/ 


ADI AD2- GSL TRI TR2 POL 


Character Position 8 7 6 5 4 3 2 l 


Word —:1186 /31 / 4 /31 / 00 / 30 /30 / 00 / 03 / 
an ADI AD2_ GSL TRI TR2 POL and 
SEL 


Character Position 8 7 6 5 | 4 | 3 2 l 
Word 1187. /o00 / 00 f/ 00 / 00 / 00 / 00 / 00 / 00 / 


*ADI AD2. GSL - 


* The ADI hexadecimal value of 00 causes the Data Comm Processor to return to 
— word 1184.0 a es _ 
| Revised 3-29-71 by 
| poe e a” PCN 1045481-001 2.14.02 (Cont’d-2), 


b. DataComm leas 
Three Data Comm flags are defined to serve as communications between the Data Comm 
Processor and the Main Memory Firmware: | 


D1 — This flag is set by the Data Comm Processor whenever it goes into an idle state. 
An idle state occurs when either the Data Comm Processor times out or the 
macroprogram issues an Idle Request. (See section on macro instructions under 
MAIN MEMORY). D1 is reset when the macroprogram re-activates the Data 
Comm Processor to bring it out of the idle state. 


D2 — Message Received Flag 
D3 — Transmit Ready Flag. It is set by the macroprogram to indicate that the output 
buffer contains a message ready for transmission. However, this message will be 


transmitted to a terminal only if the Select Indicator in the proper Control 
Register is also set. 


All three flags are available for interrogation through the regular Skip/Execute instructions. 


c. Data Processor Time Out 
The following situations cause the Data Comm Processor to time out: 


1. The Central TC receives no response from a terminal to any of the following: poll, . 
select, fast select, group select, or broadcast. 


2. The Central TC receives a strange response from a terminal to any of the following: 
poll, select, fast select, group select, or broadcast. 


3. Terminal NAKs a select, fast select, group select or a broadcast. 


4. Persistent parity error occurs between the Central TC and the terminal. 


As previously discussed, while the Data Comm Processor is in the time out condition, D1 is 
set and a register is available for interrogation. This register, called the Time Out Register, is 
located in word 1169 and is a replica of the Control Register that is involved at the time, 
supplemented by information stored in character position 2 as shown: 


Character Position 8 7 6 5 4. 3 2 


l 
word 1169 [api |ab2 [ose [ [| imi] 


Transmission F Operation 
Number Indicators 


Persistent Parity Error « 
Terminal NAKs Message 
Strange Response 


No Response 


F=0000 POL 
F=0001 SEL 
F=0010 FSL 
F=0011 GSL 
F=0100 BSL 
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When the Data Comm Processor times out and goes into an idle state due to one of the above 
conditions, the macroprogram must retrieve the Time Out Register and, after examining its 
contents, clear it. This must be done prior to re-initiating the Data Comm Processor to its 
normal operation. Re-initiating the Processor also resets the D1 flag. 


The Time Out Register serves no purpose if the idle state of the Data Processor is initiated by 
the macroprogram as there is no indicator in the register to reflect such a condition. 


d. Header Register 


If a remote TC makes an affirmative response to a Poll Enquiry (data) the Header portion of 
the remote TC’s message is stored in the Header Register (word 1166) for use by the 
macroprogrammer. | 


If a sequencial numeric addressing scheme is utilized, the macroprogrammer can examine the 
contents of the Header Register to determine which remote is responding to the POLL and 
reload the appropriate control register. The data in the Header Register is right justified and 
contains all of the header information up to and including the STX character. 


EXAMPLE: 


Character Position 
8 7 6 2 1 


a ee: 
/_/ son / ani /av2 / tri / tR2 / tR3 / stx/ 


2.14.03 MAIN MEMORY PROCESSOR 


Main Memory can not access Data Comm firmware unless the latter is in an idle state. However, the 
Main Processor can cause an idle condition by issuing an idle request. A special macroinstruction, IDLE 
REQUEST, is implemented to perform this function. 


The operation of the IDLE REQUEST instruction involves the setting of the D1 flag. The Data Comm 
Processor interrogates D1 at certain convenient points during its regular operation. Should the flag be 
set, any Data Comm procedure previously initiated is allowed to terminate before the Processor goes 
into the idle state. When the Processor is re-initiated, D1 is reset. 


A situation can arise where the Data Comm Processor encounters one of the previously discussed 
conditions that cause a time out after the Main Processor initiates an idle request and before the Data 
Comm Processor actually goes into idle. Since the Main Processor was first in initiating the setting of D1, 
the Time Out Register is left unchanged if no error conditions are encountered. If the Time Out Regis- 
ter has been cleared everytime it was interrogated, the fact that the register is zero (0) is adequate 
indication to the macroprogram that the idle state is due to the request and not to any error conditon. 
However, since the idle request does leave the register unchanged, it must be cleared everytime so that it 
will always reflect to the macroprogram the correct cause of the time out (i.e., error condition or idle 
request). 
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The Central Tc - Controller caine will epunte mit any of the eandaed GP 300, Data Comm: main 
memory firmware sets that are supplemented by the CTCC. main memory add-on tape.. This add-on. r 
implements special: macroinstructions described below: 3 


a: Resume: 


OP CODE LABEL 
CODE = 1000 


This command re-initiates the Data Comm Processor’s normal operation. It should only be 
given when the Processor ‘is in an idle state. If the DCP Eee is not in an idle state, the 
machine will ae on the instruction. 


b. Idle Request | 


OP CODE LABEL 
CODE 4100 


This command allows. the macroprogram to interrupt the normal operation of the pete conn 
Processor and cause an idle state. : 7 


Cc. Retrieve Header Register 
OPCODE =————CLABEL. 
CODE =—~«*OTRBEE 
The actual received header i is placed into the Accumulator. ee. 

d. Retrieve Time Out Register to Accumulator 
a OPCODE =—_—LABEL. 
CODE 3C91 
e. Load Time Out Register from Accumulator 


— OP CODE a LABEL 


CODE 3491 
f. Retrieve Control Register | 
OP CODE LABEL & A 
CODE SCA OF 


The A- field 1 specifies which of the sixteen ae Control Registers is to be placed into the 
Accumulator. | 7 


g. Load Control Register | 


OP CODE So LABEL ete A 


CODE 344 OF 
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The A-field specifies which of the sixteen oe Control es la to ae the contents of the 
Accumulator into. 


Example of controlling one terminal in a normal TC Polling and soeiseting environment. 


LABEL 


LISTEN 


ERROR 


OP CODE 


LIR 
CLM 
LKBR 
TKM 
TRA 
INK 
CODE 
CODE 
CLA 
CODE 
CODE 
EX 


~ SRI 


SK 
BRU 
EX 
BRU 
BRU 
IR 
CODE 
SKL 
AL 
POS 
PA 
LIR 
SK 
CLA 


CODE 


CODE 
SRR 
LIR 
AL 
POS 
EXL 


PA 


BRU 
EXL 
PA 
BRU 
EXL 


A 


2 
ADDR 
ADDR 
2 
ADDR 
0 

1100 
34A0 

0 

34A1 
1000 

D 
ERROR 
B 
SELECT 
D 
MSGE 


LISTEN 


2) | 
3C91 

3 

1 
50 
PARMSG 


- NOMSG 
RTNE 


3 


STRMSG 


RTNE 


3 


10 


om 


REMARKS 


ENTER REMOTE’S ADDR 
LOAD INTO ACCUM 


. LOAD POL OP-INDICATOR 


IDLE REQUEST 
LOAD 0 CONTROL REGISTER 


LOAD 1 CONTROL REGISTER 
RESUME 


KEEP ERROR COUNT 
RETRIEVE ERROR REG 
TEST FOR PARITY 


RESET COUNTER 
CLEAR TIME OUT REG 
RELOAD TIME-OUT REG 
RESUME 


RESET COUNTER 
CHECK FOR NO RESPONSE INDICATOR 
CHECK FOR A STRANGE RESPONSE 


CHECK FOR INVALID 
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LABEL 


RTNE 


SELECT 


MSGE 


OP CODE 


PA 


BRU. 


EXL 


PA 


BRU 
SKL 
PA 


CLA 


CODE 
CODE 


AL 


POS _ 
LKBR 
TKM . 


EX 


EX . 
SRI 
BRU © 
CODE 


CODE. 


INK 


CODE © 


TSB 
CODE. 
SET 
BRU 


CODE 
TRB 


CODE 
INK 
CODE 
CODE 
RST 


LRBR 
POS _ 


PAB 


SK 


AL 
BRU 
2.14.03 (Cont’d-3) 


i 
INDIC. 
RTNE 
3 
NAKMSG 
RTNE 
3 
INDIC 
07 

3491 
1000 


ERROR 


-3 


1100 
— 3CA0 


0 
3400. 
SEND 
1000 

R 
LISTEN 
1100 
RECEIV 
3CAO 
0 

34A0 
1000 

R 


-RECEIV 


2 


10. 


‘LISTEN 


DIGIT IN INDICATOR | 


CHECK FOR NAK 

LIMIT INDICATOR 
CHECK FOR INVALID 
DIGIT IN INDICATOR 
CLEAR REGISTER 

LOAD TIME OUT REG 
RESUME 


IDLE REQUEST — 


_ SET POL-SEL INDICATOR 
LOAD CONTROL REG 0 


RESUME 


IDLE REQUEST | 


TRANSFER TO RECORD AREA 


RETRIEVE CONTROL REG 
SET POL INDICATOR | 
LOAD CONTROL REGISTER © 
RESUME | 


PRINT 
MESSAGE 


ROUTINE 


SIMULATOR _ . TERMINAL 


ANY SEQUENCE OF 
POLL MESSAGE 
1-7 CHARACTERS 


READY 
TO SEND 


E INVALID 
O OR 


eet HEADER T NO RESPONSE 


x-—oam 
Og Ww 


PERSISTENT n 
PARITY ool ee: 
- ERROR K 
oven | [ [RE-TRANSMIT] | 


MICROPROGRAM SHOULD 
DETERMINE NATURE OF 
TIMEOUT AND RE-INITIATE 

OPERATION | 


CONTINUE WITH NEXT 
OPERATION SPECIFIED 
IN THE CONTROL 
REGISTER — ETC. 


Chart 1. Poll 
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SIMULATOR TERMINAL 


| 
ANY SEQUENCE OF | 
SELECT MESSAGE | 

1-7 CHARACTERS | 


| INVALID N H 
OR A 
| NO RESPONSE K : 


TIME OUT — 
MACROPROGRAM SHOULD __. 
DETERMINE NATURE OF 
TIMEOUT AND RE-INITIATE 
OPERATION 


ANY HEADER E B 
1-7 (TEXT) T C 
CHARACTERS Xx 


?) 


tae INVALID n 
A 
OR C 
| . NO RESPONSE x 


es Sees ae 


| 

RE-TRANSMIT AFTER | 
n TIMES 

| 

| 


CONTINUE WITH NEXT OPERATION 
SPECIFIED IN THE CONTROL | 
REGISTER — — ETC. 


Chart 2. Select 


2.14.03 (Cont’d-5) 


SIMULATOR : | TERMINAL 


FIRST HALF 
MESSAGE | 
C-7 CHARACTERS 


2ND HALF 
MESSAGE | 
0-7 CHARACTERS 


(TEXT) 


<x-ainm 
Oo 8 


INVALID. N A 
OR A Cc 
K K 


NO RESPONSE | 


TIME OUT — 
MACROPROGRAM SHOULD 
DETERMINE NATURE OF 
TIMEOUT AND RE-INITIATE 
OPERATION 


CONTINUE WITH NEXT | | | 
OPERATION SPECIFIED 
IN THE CONTROL | 


‘REGISTER — — ETC. 


Chart 3. Fast Select, Group Select, and Broadcast Select : : 
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2.15 — INPUT WITH PUNCHED PAPER TAPE/EDGE PUNCHED CARD READER 


Instructions are provided to read punched paper tape or edge punched cards, using a Burroughs Style A 
581 Paper Tape/Edge Card Reader as the input adjunct. All subsequent reference to “paper tape” 
applies both to punched paper tape and to edge punched cards, unless indicated otherwise. 


Tape reading is serial, one character at a time, at a speed up to 40 characters per second (when no 
printing accompanies it). When reading paper tape and printing, the reading speed is up to 20 characters 
per second; when reading and punching only (no printing), reading speed is up to 40 cps. 


The Series L/TC internal character code is USASCII; however, any 5, 6, 7, 8 channel paper tape code 
can be read and interpreted by utilizing a Table of Input Code Assignments for conversion of the paper 
tape code into the internal USASCII code. The functional codes in a code set may be used as field 
identifier codes to terminate tape reading and set flag patterns, or may be ignored (refer to the Table of 
Input Assignments in Appendix I). The scheme of character parity checking for a particular code set is 
also a function of the Table of Code Assignments. Firmware for 5 channel code is different than that 
for 6, 7, or 8 channel “table look-up” firmware or for USASCII No Table firmware. | 


2.15.01 PAPER TAPE READER INSTRUCTIONS 


The Paper Tape Reader instructions are designed to function both as “read” instructions and as 
“keyboard” instructions. | 


When all tape reading conditions exist, i.e., the reader is on, the photo-electric light is on, and media is 
present, reading of the paper tape will occur according to the specifications of the instruction. 


If any of the above conditions do not exist, then the reader is not operable (a “reader condition” has 
occurred). The read instruction now reverts to its keyboard counterpart**, and the keyboard buffer is 
cleared so that the operator may manually index that data required by the altered read instruction. Note 
that any data resident in the keyboard buffer is lost when the read instruction fails to execute. It 
follows that the read instruction must be reached before a manual entry is made in its place, because if 
the operator anticipates this condition and indexes data before the program halts, the data will be lost. 


The mnemonic representations of the read instructions are the same as selected keyboard instructions 
with the addition of a prefix letter “R.” 
instructions that involve punching paper tape along with reading of paper tape will inhibit the punch 


part of the instruction if the tape perforator is turned off. In addition, the Punch Off Indicator light is 
turned on and Punch Off Flag is set (refer to Subject 2.16.02) - 


** EXCEPTION: RNK reverts to a NKRCM (see Subject 2.02.01). 


2.15.01 


2.15.02 PAPER TAPE/EDGE PUNCHED CARD INPUT INSTRUCTIOWS 


OP CODE A 
READ ALPHA AND PRINT RTK 0-150 15%’ forms handler 


RTK 0-255 26” forms handler 


The RTK instruction reads from tape (i.e., paper tape or edge punched card) and prints the number of 
alphanumeric characters specified by the “‘A’’ field. The instruction will be terminated upon reading a 
field identifier code or after reading the number of alphanumeric characters as denoted by the “A” 
parameter. 


The flag patterns to be set by the field identifier codes are determined by the Table of Input Code 
Assignments (see Appendix I). 


When a “reader condition” exists, the RTK instruction reverts to a TK instruction and the keyboard 
buffer is CLEARED in anticipation of manual input. 


OPCODE A 
READ ALPHA INTO MEMORY AND PRINT RTKM = 0-150 15%” forms handler 


RTKM 0-255 26” forms handler 
The KTKM instruction reads from tape into memory and prints the number of alphanumeric characters 
specified by the “A’’ field. The RTKM should be preceded by an LKBR instruction to indicate the 
starting word location in memory for character storage. (See Subject 2.02.03.) 


The LKBR is incremented to the next higher word after each eight characters have been read. The 
instruction will be terminated upon reading a field identifier code or completion of reading the number 
of alphanumeric characters specified in the ‘“‘A”’ field. The flag patterns to be set by the field identifier 
codes are determined by the table of input code assignments. (See Appendix I). 


If a reader condition exists, the RTKM instruction will revert to a TKM instruction. (See RTK 
instruction). 


OPCODE A | 
READ ALPHA INTO MEMORY, NON-PRINT REAM 0-150 15%” forms handler 
REAM = 0-255 26” forms handler 


The REAM instruction reads from tape into memory the number of alphanumeric characters specified in 
the “A’’ parameter; no printing occurs. The REAM instruction should be preceded by an LKBR 
instruction to denote the starting word location in memory for character storage. The LKBR is 
incremented to the next higher order word after each set of eight characters has been read. The 
instruction will be terminated upon reading a field identifier code or completion of reading the number 
of alphanumeric characters specified in the ‘“‘A’’ field. The flag patterns to be set by the field identifier 
codes are determined by the Table of Input Code Assignments. | 
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If a fender: condition exists, the REAM instruction reverts to an EAM instruction. (See RTK 
instruction). | | | 


ae . 23%" ae ‘OPCODE A | 

READ ALPHA INTO MEMORY AND PUNCH, NON-PRINT RXEAM 0-150 15%” forms handler 
- ; ee | — 0-255 26” forms handler 

“The J RXEAM instruction is ies same as ‘hie REAM instruction, ae that sung will also occur. 


The RXEAM instruction can revert to an XEAM instruction if the tape reader is not operable, to an 
REAM instruction if the tape perforator is turned off, or to an EAM instruction if neither the reader 
nor the perforator is operable. a 


| OPCODE A | 
~ READ ALPHA, PRINT AND PUNCH ~RATK (0-150 15%” forms handle 
ae | a a | — RXTK 0-255 26” forms handler 
The RXTK instruction reads from tape, and simultaneously prints and punches the number of characters 


specified in the A parameter. The instruction is terminated after Teading the specified number of 
characters or upon reading a field identifier code. | 


The flag patterns to be set by the field identifier codes are determined by the Table of ee 
PSSIENINE NS: (See er in Appendix » 


The RXTK instruction can revert to an XTK instruction if the tape reader is not operable. ‘If the. paper 
tape punch is off, the RXTK will revert to a RTK instruction; or to a TK instruction if both a as 
and perforator condition exist. (See RTK instruction). 


OPCODE A 
READ ALPHA. INTO MEMORY, PRINT AND PUNCH RXTKM 0-150 15%” Coens handler 
RXTKM 0-255 26” forms handler 
The. RXTKM | instruction is ‘the same as the RTKM instruction, except that tape punching | occurs 


: simultaneously. 


The RXTKM instruction can revert to an XTKM instruction if the tape reader is not operable. Ifa 
perforator condition exists, the RXTKM will revert to a RTKM instruction; or to a TKM: instruction if 
both a reader ang perforator condition exist. ae . 7 


OPCODE A B 
READ NUMERIC INTO ACCUMULATOR a RNK 0-15 Q-15 


The RNK instruction reads from the tape into the Accumulator the total number of characters specified 
by the sum (maximum of 15) of the A and B parameters. The instruction is terminated after the total 
number of characters specified have been read (fixed field) or upon reading a field identifier code 
(variable fields). The paper tape characters enter the Accumulator as digits, from low to high order digit 
| positions. NOTE: | No poe occurs. 


2.15.02 (Cont’d-1) 


A number may be read into the Accumulator as either a fixed field or a variable field. 


With a fixed field, the tape must contain as many codes as the total number of digits required by the 
instruction. This may require that preceding zeros be included in the tape in order to obtain the fixed 
field size. Because the codes enter the low order position, reading a decimal number into the 
Accumulator requires that the maximum number of decimal places to the right of the decimal point be 
filled with digits or zeros. Note that the separation of the fields into whole and decimal digits is 


provided to permit keyboard flexibility when a reader condition occurs (see use of NK, Subject 
2.02.01). | 


Example 1: Read 12.25 into the Accumulator, allow for 3 decimal places, fixed field of 9. 


OP CODE A | B 
RNK 6 3 
Tape must contain: 000012250 (no field I.D. code) 


Manual entry must be: 12250 (left to right) 


Manual entry format: 1, 2, decimal, 2, 5, and 0 


Variable fields eliminate the “preceding zeros’? requirement of fixed fields. Instead, a ‘“‘field identifier 
code” immediately follows the number in the tape causing termination of the RNK. With variable fields, 
the A parameter must be | greater than the maximum digits allowed for that quantity so that the field 
identifier code may be read. | | 


Example 2: Read 12.25 into the Accumulator, allow for 3 decimal places with maximum of 9 digits. 


OP CODE OA B 


RNK 6+FS = 7 5 


Tape contains 12250 FS (FS denotes field I.D. code) 


Example 3: Read 4000 into the Accumulator. Maximum of 4 digits. 


OP CODE 7 _ OA 


B 
RNK 5 0 
: | Tape. contains 4000FS 
RELEASE MEDIA CLAMP RED 


The REL instruction will cause the media clamp for paper tape or edge punched cards to open, thus 
halting any further reading until the operator places new material in the reader. 
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This inétruction is useful when using ‘edge punched cards, to aeleaee: the card dias: necessary ideomuanon 
has been read, and to prevent any additional information on the card from enabling the read instruction 
for the next entry. | | 


2.15.02 (Conte) 


2.16 — OUTPUT WITH PAPER TAPE/EDGE PUNCHED CARD PERFORATOR. 


The instructions described in this section provide the means to output data into punched paper tape 
and/or edge punched cards by using a Style A 562 Paper Tape/Edge Punched Card Perforator as the 
output adjunct. All subsequent reference to “‘paper tape” applies both to punched paper tape and to 
edge punched cards, unless indicated otherwise. 


Tape punching is serial at a speed up to 40 characters per second when no printing accompanies it. 
When printing accompanies punching paper tape, the punching speed is up to 20 characters per second. 


The Series L/TC internal character code is USASCII and output to paper tape will normally be in this 
code. However, any 5, 6, 7, or 8 channel paper tape code can be punched by utilizing a Table of 
Output Code Assignments for conversion of the internal code into a different paper tape code (refer to 
Appendix I). The firmware for 5 channel code is different than that for 6, 7, or 8 channel ‘“‘table 
look-up” firmware or for USASCII No Table firmware. 


The Paper Tape Punch Instructions provide the ability to print and punch data from the Accumulator, 
print and punch alphanumeric data from memory, and to type or type into memory while punching. In 
addition, a register is provided which counts the number of codes punched. This enables the use of 
continuous edge punched cards by making it possible to determine when one continuous card has been 
filled or when to fill any unused portion of a continuous card with feed codes before aligning the next 
continuous card to the first sprocket hole. 


The Paper Tape Punch Instructions are designed to function in three ways: 


1. When proper tape punching conditions exist, punching will occur according to the 
specifications of the instruction. | a 
2. If the perforator is not connected or is turned off, the punch portion of the instruction is 
inhibited and the instruction is executed in accordance with its counterpart keyboard or print 
instruction. Thus, although the program may provide for punching, the perforator may be 
turned off or discontinued without affecting the operation of the rest of the system. 


3. If the perforator is turned on but does not have media loaded, execution of the punch 
instruction is held up until the condition is corrected. | 


The mnemonic representations of the punch instructions are the same as selected keyboard and print 
instructions with the addition of a prefix letter ‘“X.”’ 


2.16.01 PAPER TAPE/EDGE PUNCHED CARD OUTPUT INSTRUCTIONS 


TYPE, PUNCH XTK 0-150 15%” forms handler 


XTK 0-255 26” forms handler 


The XTK instruction allows typing, printing and punching up to the number of charactets specified in 
the A field. The instruction functions like a TK instruction except that punching \ occurs with it. The 
termination \ of _ instruction with an OCK or PK does not cause a.code to punch. — | 
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If the perforator is_ turned off or dixcounected: the XTK instruction will operate only as a TK 
instruction. | | 


| | | OP CODE A. 
| TYPE INTO MEMORY, PUNCH AND PRINT _ _XTKM 0-150 15%” forms handler : 
| oo | : _XTKM 0-255 26” forms handler | 
The XTKM instruction allows typing into memory, printing and punching up to the maximum number 
of characters specified in the A field. This instruction should be used in conjunction with the: LKBR 
instruction to denote the entry position in ememoly for the careers res: (See Subject 2. 02. 03. ) 
The XTKM instruction pinetiGns like a TKM inetaiciion except that punching also occurs. The 


termination of this instruction with an OCK or ' PK places an End ee code in Peony but does not 
cause a code punch. : 7 | 


If the e perforator iS turned off, or disconnected, the oe instruction functions as a TKM instruction, 


| | ~ OP CODE ft | 7 
ENTER INTO MEMORY AND PUNCH XEAM 0-150 15%” forms handler. ~ 
XEAM 0-255 26” forms handler 


The XEAM instruction functions exactly like the XTKM instruction except that printing does not occur. 
If the perforator is turned off, or disconnected, XEAM will operate only as an EAM instruction. 


OPCODE  #£= 0A 


PRINT ALPHA AND PUNCH | XPA —SOLABEL 


The XPA instruction prints and punches the alphanumeric data stored in the memory location 
designated by the A field. The instruction is terminated upon reaching an End of Alpha code in the 
data; the End of Alpha code is not punched. This instruction operates like a PA instruction in every 
respect except that punching occurs. 


With the perforator turned off or disconnected, the XPA will operate as a PA instruction. 


OP CODE | A 


PUNCH ALPHA FROM MEMORY, NON-PRINT Fe | ih | : — | 


; The XA instruction functions exactly as an XPA instruction n except that printing does not occur. | 


If the seitointon 4 is areca: off or ee the XA Anctions: as a No Operation (NOP) inatniction. | 
When using Data Comm P. T. I/O firmware the XA will terminate on any Col. 0 USASCH Code. Codes 
from either column will punch. 


2.16.01 (Cont’d-1) _ 


OP CODE A B 


PUNCH CODE — 7 XC 0-15 0-15 


The XC instruction punches into tape the bit pattern specified by the parameter fields. The A parameter 
indicates the decimal value of the high order 4 bits (bg, b, be, Ds, having decimal values of 8, 4, 2, 1 
respectively); the B parameter represents the decimal value of the low order 4 bits (by, b3, bo, bj, 
having decimal values of 8, 4, 2, 1 respectively) in the bit configuration of the desired code. The parity 
bit must be included in the appropriate bit position when applicable if a table look-up Firmware set is 
being utilized. If the standard USASCII I/O firmware set is used, the parity bit will be aoa 
inserted when applicable. | | 


: In the case of USASCII code the column number of the desired code in the table represents the A field 
(parity bit must be added when applicable); the row number of the desired code represents the B field. 


Printing iaes not occur with this instruction. If the perforator is turned off or disconnected, the XC will 
function as a “No Operation” (NOP) instruction. 


Rnanples: ‘Punch the USASCII code “RS” 
bg bz be bs by bz bp db, 


Bit pattern (“X”=holeintape) §# © 0 0 0 X X X X O 


| Decimal value _ | 8 42 1 8 4 2 1 
Parameter value | A= (0+0+0+1) = 1. 


B = (8+4+2) = 14 


This corresponds to the USASCII table location of RS in column 1, row 14. 


| OPCODE A B 
PRINT AND PUNCH NUMERIC | | XPN 0-14 0-15 


The XPN instruction prints ona punches the contents of the Agoinnieion beginning with the high order 
digit position specified in the A parameter and with the print mask designated by the B parameter. The 
print mask is relative to the mask table established by the last LPNR instruction. (See Subject 2.03. 04. ) 


There will be no affect on the Accumulator flags aosen or any ether wa) in Accumulator positions to 
the left of the digit position specified by the A pane 


| This instruction finctions like the PN instruction a that punching ¢ occurs. 


If the perforator is turned off, or disconnected, ‘the XPN_ instruction will operate only as a PN 
instruction. | 7 | 
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OPCODE A B 
PRINT AND PUNCH NUMERIC, SHIFT RIBBON IF MINUS  XPNS— 0-14 0-15 


PRINT AND PUNCH NUMERIC, SHIFT RIBBON IF XPNS+ 0-14 0-15 


The XPNS— instruction is the same as the XPN instruction except that the ribbon color is changed if 
the Accumulator Sign Flag is set (minus). 


The XPNS+ instruction is the same as the XPN instruction except that the ribbon color is changed 
(opposite to the normal operating color of black, is red) if the Accumulator Sign Flag is reset (plus). 


If the perforator is turned off or disconnected, the XPNS— and XPNS+ function as PNS— and PNS+ 
instructions respectively. 


OP CODE A B 
PUNCH NUMERIC, NON-PRINT XN 0-14 Q-15 


The XN instruction is the same as the XPN instruction except that printing does not occur. A mask 
word is used with this instruction since it controls the punching. (See Subject 2.03.05 .) The mask word 
selected may be the same as is used with other Print Numeric Instructions since it would not affect the 
non-print function of this instruction. 


If the perforator is turned off or disconnected, the XN will operate as a ““No Operation” (NOP) 
instruction. 


OP CODE — A 
LOAD PUNCH COUNT REGISTER LXC 0-255 


The Punch Count Register is provided to count the number of holes punched. This enables the use of 
continuous edge punched cards by making it possible to determine when one edge punched card has 
been filled or to fill any unused portion of a continuous card with feed codes before aligning the next 
continuous card to the first sprocket hole. 


The. LXC instruction will load the number contained in the A field, into the punch count register. The 
instruction is normally used at the start of each new continuous edge punched card to reset the count. 


-. The punch count register is incremented by one for each code punched from any punching instruction. 


If the register is equal to 255, incrementing causes the register to become 0. 


2.16.01 (Cont’d-3) 


OP CODE 


MODIFY BY PUNCH COUNT REGISTER XMOD 


The XMOD instruction will modify the parameter field of the next instruction by the contents of the 
punch count register. This modification occurs as in the MOD instruction. The XMOD cannot be 
changed by the Index Register instructions. (i.e., IIR, ADIR, etc.) 


OP CODE A 
PUNCH FEED CODES XB 0-255 


The XB instruction causes feed (sprocket) holes to be punched. The number of codes punched will be 
the difference between the number in the A field and 255. 


If the perforator is turned off, XB will operate as a ‘““No Operation’? (NOP) instruction. 


When edge punched cards are the media present, punching of sprocket holes is inhibited. Therefore, the 
card is just advanced without sprocket hole punching. 


2.16.02 READER AND PUNCH FLAGS 


Two reader flags are provided to enable program control over the tape reader. 


Reader flag R1 is set when a reader condition exists. A reader condition exists if any of these 
contingencies arise: 


1. The Paper Tape Reader is not turned on. 
Media (paper tape or an edge punched card) must be positioned in the reader. 


Zi 
3. The media clamp must be closed. 
4. 


The photo-electric device must be illuminated. 


When the reader condition exists, along with the R1 flag being set, the keyboard buffer is cleared, and 
the instruction is held up from execution pending operator action. The action depends on two 
conditions: 


1. The reader is intended to be used: Turn on the reader and then depress the Read Key. This 
reinitiates the read instruction and causes the media to be read. The RI flag is reset. 


2. The reader is not intended to be used: The operator may make an entry through the 
keyboard. (At this point, remember, the reader instruction has reverted to its keyboard 
instruction). The Reset Key will reinitiate the tape read instruction, but it must be indexed 
prior to the use of an OCK or PK. | 


Once the operator has taken either course of action, the indicator light is turned off and reader flag Rl 
is reset. 


NOTE: The keyboard buffer is cleared every time a reader instruction reverts to its keyboard 
counterpart. If the operator has anticipated this and indexed data prior to the halt in the program when 
the reader instruction becomes a keyboard instruction, then that data will be lost. The operator would 


have to index the data again. Revised 3-29-71 by 
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Reader flags R2, ‘R3 are reserved for Data Communication operations. 


‘ Reader Flag R4 is set when an invalid tape code is read. Reading is not halted on | the invalid tape code. : 
- The next read instruction will reset the R4 flag. | | = 


g _ The Reader flag settings can be manipulated by use of aes F lag instructions. 


Four Punch Flags are provided to Ace the operator of the perforator condition. 


The Punch Flag P1 is set if media is not present in the perforator and the: program attempts to execute 
a punch instruction. The instruction is halted. Correction of the situation will cause the system to 
resume execution of the punch instruction. 7 7 


The Punch flag P2 is set if incorrect spacial has occurred during a punch instruction. ‘The Eno: check 
indicator light is lit. The punching is not terminated; the flag remains S set. es Gb eg at de 


The program should provide for shecene: flag P2 at least after bach line of suncine When the flag is iS 
set, a Skip or Execute instruction would enable performing the nese, instruction to eoune the alarm, , 
punch a tape error code, or to take other corrective action. ane ae 


The Punch flag P3 is set if reel tape is being used and the supply is neacy | deinuiodaiale 20 | 
feet remaining). The Tape Supply indicator is lit. Placing a new roll of tape in the supply reel will turn 
off the indicator and reset the flag on the next punch instruction. This condition. does not halt program 
execution nor inhibit punching. | 


The Punch Flag P4 is set if the paper ine pertortor is “OFF.” The iaetnietion will be ssecuted: but 
the punching will be inhibited. Switching the perforator to the ‘‘ON”’ condition causes the P4 flag to’ be 
reset on the next instruction. However, the data to be punched on the first ‘ ‘punch” instruction would | 
be missing from 1 the output tape. Therefore, it is recommended that a punch instruction be used during 
the program initialization routine with subsequent testing of the Punch Flags (especially the P4_ flag) 
since the perforator condition is only apparent once a punch instruction is s initiated. All punch flags may 
be examined by use of the flag instructions. | | 


2.16.02 (Cont’d) 


2, 17:— - 80- COLUMN PUNCHED CARD INPUT INSTRUCTIONS | 


With either the A 595 or A 596 S0<clumn Card Reader and the A 149 Card Punch used as peripherals 
to either the Series L or TC, 80-column punched cards can be used as input and 80-column punched 
cards can be punched as output. The programing instructions required to use these two peripherals as 
part of a program will be explained in two sections. The first section will deal with card input 
instructions, the second will explain card output instructions. 


; 2.17.01 -80-COLUMN CARD INPUT INSTRUCTIONS 


OP CODE A 


| o 


LOAD MEMORY FROMCARD iw” ——LeD 0-255 


The LCD instruction causes the reading of object program cards and stores the new object program 
instructions into memory locations specified in the program cards. The A parameter specifies the 
number of cards to be read. This instruction utilizes and requires that the Card Reader Memory Load 
Routine be present in the Utility Track. 


LCD allows programmatic control of program overlays. After reading the designated number of program 

cards, the program execution continues on’to the next instruction in accordance with the program 

counter. Thus, caution must be exercised to ensure that a program does not overlay the same memory 

area occupied by. the LCD instruction. The program cards must be of the same format as required for 

regular program loading with the Card Reader. (Refer to Appendix K for card ones required to load 
| object program by card.) | 


| After execution of this instruction, a “Hash Total” of the program data read in, is in the Accumulator. 


If the wpecied nue! of program cards are not read, the instruction is held up, the Reader Condition 
light is turned on and the R1 flag is set. 


Placing the remaining cards to read in the Card Reader and depressing the Restart switch on the Card 
Reader, or depressing the Ready push button to return the machine to Ready mode, are the only two | 
alternatives available to complete the LCD instruction. — 


READ CARD _ RCD 


When an L/TC is used with an A 595 card reader, the RCD instruction reads a single 80-colum punched 
card into words | through 10 of memory. All 80 columns are read and placed into memory including 
blank card columns. 

(A596 | OP CODE A 


READ CARD — RCD 0-255 


When an A 596 card reader is used as the input device for an L/TC, the RCD instruction reads a single 
80-column punched card into the next 10 words of memory beginning with the word specified by the A 
parameter. Data can be read into any word in Block 0 except word 0. A parameter of 0 defaults to 
word 1. The L programmer may use the TRCA and TRCM instruction to access data in Track 0 only 
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(words 1-31). The TC programmer can use the data comm instructions used in processing messages 
received to access data at any location in Block 0. If the TSB instruction is to be used, the data to be 
transmitted must begin on a Track boundary (word 32, 64, 96, ...224) and should be contiguous 
within the track. 


In general, whenever a programmer attempts to force data to be read into memory above word 255, the 
RCD instruction is terminated, the overflow flag is set, and all data following that which was placed in 
word 255 is lost. The next read instruction automatically resets the overflow flag. 


During the execution of each RCD instruction, the original contents of the Accumulator are destroyed 
and the Accumulator is not cleared. Any number in the Accumulator prior to a RCD instruction which 
is to be used later in the program, should be transferred to a memory location to save it, as it will be 
altered during the execution of the RCD instruction. 


If a card is not present in the Card Reader, when a RCD instruction is to be executed, the Reader 
Condition indicator light is turned on, flag R1 is set, and the instruction is held up. 
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Placing a card in the Card Reader and depressing the Restart switch on the Card Reader will enable the 
instruction to be completed and allow the program to continue to the next instruction. The other 
alternative would be to depress the Ready push button, to return the machine to Ready mode. — 


OP CODE A 


LOAD CARD FORMAT REGISTER | LCFR LABEL 


The LCFR instruction loads into the Card Format Register the word number associated with the Label 
name. A Card Format Table may contain up to 16 different card field formats. If more than 16 are 
required, another table location (i.e., another LCFR instruction with a different label) must be 
established before any formats can be referenced in the second table. Only one table can be referenced 
at one time, and that table referenced is dependent upon the last LCFR instruction. 


The label in the A parameter must reference the beginning of a word. The Pseudo Instruction “WORD” 
should be used preceding the label of the first CDF pseudo instruction, so that it starts at the beginning 


of a word. (Refer to Subject 2.01.04 for explanation of CDF Pseudo Instructions.) 


Example: 
LABE OP CODE | A B 
LCFR CRDTAB 
WORD 
CRDTAB CDF l p 
7 CDF 3 5 
OP CODE A 
PRINT ALPHA F ROM CARD READ AREA PBA 1-16 


The PBA instruction prints from the card read area, the field, specified by the format number, as 
alphanumeric data. | | 


The format number, references the format table last identified by the LCFR instruction. 


Example: 
LABEL OP CODE A B. 
LCFR CRDTAB 
PBA _— | Print second field on card. 
| NOTE | Card cols. 3-10 
~ CRDTAB CDF | | 2 Card cols. 1-2 
| _ CDF 3 8 Card cols. 3-10 


2.17.01 (Cont’d-2) 


XBA  - TRCA 


CRD | 


_OPCODE A 


PRINT & PUNCH ALPHA FROM CARD READ AREA XPBA 1-16 


The XPBA instruction prints from the card read area, the field specified by the format number, as 
alphanumeric data, and punches the data into an output card in the A 149 Card Punch. The instruction 
is terminated after printing and punching the number of characters specified by the field length in the 
format. The status of OCK flags is not affected. 


If the Punch is off, XPBA is executed as a PBA instruction. 


If there are no cards in the card hopper and the Punch is on and on-line, the XPBA instruction will be 
held up until cards are placed in the card hopper and the auto feed button depressed on the Punch. 


OP CODE A 


PUNCH ALPHA FROM CARD READ AREA, NON-PRINT XBA 1-16 


The XBA instruction punches into an output card, from the card read area, the field specified by the 
format number, as alphanumeric data. The data is not printed. The instruction is terminated after 
punching the number of characters specified by the field length in the format. 


If the Punch is off, XBA is executed as a NOP instruction. 


If no cards are in the card hopper and the Punch is on line, the XBA instruction will be held up until 
cards are placed in the card hopper and the auto feed button depressed on the Punch. 


OP CODE A 


TRANSFER CARD FIELD TO ACCUMULATOR AS TRCA 1-16 
NUMERIC 


The TRCA instruction transfers the field of data, specified by the format number in the A parameter, 
from the Card Read Area into the Accumulator. The digits in that field are right justified when 
transferred into the Accumulator. The instruction is terminated by transferring the number of card 
columns specified in the format. The status of the OCK flags is not changed by this instruction. 


| If an “11” overpunch is present in any of the card columns of the field being transferred (denoting a 
negative field), the Minus Flag in the Accumulator is set. 


If a “12” or “OQ” overpunch is present in any of the card columns of the field being transferred, the 
Invalid Code Flag (R4) is set and the corresponding indicator light is turned on. An unknown digit will 
be transferred to the Accumulator. The flag is reset and the indicator is turned off at the beginning of 
the next Card Input Transfer instruction; therefore, this flag must be examined immediately in the 
program (with the SK or EX instructions) when it is necessary to detect illegal codes in a given field. 
The characters “‘+’? (card codes 12,0) and “&” (card code 12) will not affect the Minus flag nor set the 
Invalid Code flag, but will transfer as the digit “O” in accordance with their position in the field. The 
hyphen character (minus sign) “—’’ (card code 11) and “X’” (minus zero — card code 11,0) set the 
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Minus flag, do not set the Invalid Code flag, and are transferred as the digit “O”’ in accordance with 
their position in the field. The letters A through I and S through Z, as well as all other special 
characters, will set the Invalid Code flag and a digit will be transferred. The letters J through R are the 


same as numerals with an “11°’ overpunch. The space code (blank card column) is treated as the 
numeral “‘O”’. 


An invalid code can be used to advantage to indicate special conditions, such as the last card in an input 
file. For example, a “12” overpunch with a transaction type number would permit the program to 
determine when to stop reading cards. This would not require a separate card column for this purpose, 
and would not affect the usability of the transaction number. 


The programing below is an example of minimizing the length of alpha print time by examining certain 
positions of a description field in the card read area to determine the amount of significant data, and 
selecting a field format length accordingly; thereby eliminating some of the trailing space codes in the 
unused portion of the field when printing or transferring to memory. 


The diagram below illustrates a card with a description field of 42 characters (col’s. 13 to 54). On the 
premise that most descriptions are less than 21 characters, some are less than 29, only a few use the 
maximum field capacity, and that no more than 6 consecutive space codes are permitted within the 
description, then three formats are defined for the description field to permit the program to select the 
shortest length; thus, considerably reducing print time and/or transfer time (42 characters require 
approximately 2100 ms print time vs. approximately 1000 ms using a 20 character length format). 


13 DESCRIPTION 54 


e@e@evcecs545;§te@ee#0nere@eeeeleee#e3ee@eeeseenvneveertesvsetrt eo eoeeeeeee#eesneeenreeer7eeeeereeneseegeroee#Hee#eennht eeeeeeeeeeemhmUmOhmlUcOmClUcOUlUcOOUmUhUCcCOmhUcCOmhUhUlUOhUO 


8 | | 16! 24 321 40, 48 | 56) 64 72! 80 
l | | | | I | 
| | | | | | | [ 
WORD 1 WORD 2 WORD 3 WORD 4 WORD 5 ‘WORD 6 WORD 7 WORD 8 WORD 9 Lhe 10° 
J | 


Oe OOO OO RR tN I IT NIT. 


LABEL INSTR A B REMARKS 

FIELDS CDF 13 20 SHORT DESCRIPTION 
CDF 13 28 MEDIUM DESCRIPTION 
CDF 13 42 MAXIMUM DESCRIPTION 


For simplest programing, the positions in the field to be examined for space codes must be defined 
taking into account the word boundaries of the card read area. The 21st through 28th positions in the — 
description field are card columns 32 to 40 and are in word 5 (base word +4). If word 5- contains all 
zeros (8 space codes), then significant data is presumed to not extend beyond col. 32 (20th field 
position). If word 5 contains any significance, then word 6 is examined. If word 6 has all zeros, then 
data does not extend beyond col. 40 (28th position). If word 6 contains data, the infrequency of 
occurrence suggests that no further tests should be made and a maximum field size is used. The card 


read area is reserved with REG instead of CDB to permit a label for referencing specific words. (Refer 
to Subject 2.01 for Pp piaior of Pseudo Instructions.) 


2.17.01 (Cont’d-4) 


Program Segments: 


LABEL 


START 


CARDIN 


BEGIN 


LPNR PMASKS 
LPKR PKEYS 


LLLR 51 
BRU BEGIN 
REG 10 


REMARKS 


RESERVE CARD READ AREA 


Note that Card Read area is reserved 


with REG to permit labeling; but 
must be sequenced to assure assem- 
bly in words 1-10. 


SL eS ETS SOE LE eeeEE ES 


Sc ooonse Ss 


DESCRP 


LCFR FIELDS 
LKBR DESCRP 


TRA ~— CARDIN + 4 
SLROS 0 

EXZ 3 

PBA l 

TRCM 1 

BRU +9 

TRA CARDIN + 5 
SLROS 0 

EXZ 2 

PBA 2 

TRCM 2 

SKZ 2 

PBA 3 

TRCM 3 


REG 6 


READ A CARD 

SELECT FORMAT TABLE 
SELECT DESCRIP TANK 
READ COLS 33 TO 40 
MOVE FLAG POSITION 
EXAMINE FOR SPACES 
PRINT SHORT FIELD 
TRANSFER SHORT FLD 


READ COLS 41 TO 48 
MOVE FLAG POSITION 
EXAMINE FOR SPACES 
PRINT MEDIUM FIELD 
TRANSFER MED FLD 
EXAMINE FOR DATA 
PRINT LONG FIELD 
TRANSFER LONG FLD 


DESCRIPTION WORK AREA 


78 oon 


Note: The key along the left margin indicates the program path selected depending on field size; “‘a”’ = 


short field, “‘b”’ 
paths. 


medium field, ‘‘c”’ = long field. Statements without a key are executed by all three 
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OP CODE A 


TRANSFER CARD COLUMNS TO MEMORY  -'TRCM_—si1-16 
AS ALPHA = a ; 


The TRCM instruction transfers the field specified by the format number in the A parameter to a 
memory location starting with the word designated by the prior use of the LKBR instruction. The 
instruction is terminated after transferring the number of characters specified by the field length in the 
format. An “End of Alpha” code is placed in memory following the last code transferred. The status of 
OCK flags is not affected. | 


Space codes (blank columns) are transferred and translated as Space Codes; in subsequent printing of 
this data from memory (not the card read area) with the PA instruction, the space characters will cause 
the printer to escape rather than increment the position register. This condition would be common in 
the unused portion of a description field such as name or address, when the card input data has to be 
retained for further processing while additional cards are being read. Escaping through space codes can 
be reduced, by programmatically examining certain points in the card read field and using a smaller field 
format when transferring the field to memory. This may be desirable when the field must be designed 
with a large capacity to accommodate all transactions, but which may have many transactions with small 
entries of data (see example, above). | oe 


An indication of Invalid Code is not provided if an incorrect combination of punches has been read into 
the Card Read Area. Invalid Code indication is only included with the TRCA instruction. 


2.17.02 INPUT INDICATOR LIGHTS AND FLAGS 


The two Series L keyboard input indicator lights advise the operator as to whether the Card Reader is 
operable, and, under certain conditions, whether invalid codes have been read. Also, the associated 
Reader flags enable the program to provide alternate procedures in the event of a Reader Condition or 
invalid code. 


| put (tettsti‘sés*zr 


| INVALID READER MESSAGE TRANSMIT 
CODE CONDITION 


_ RECEIVED READY 
O OC OC O 


input Indicator Lights 


INVALID CODE INDICATOR — The Invalid Code Indicator is turned on and its associated flag (R4) is 
set, when, during the execution of the TRCA (Transfer to Accumulator) instruction, a code is sensed 
that represents an invalid combination as described in the TRCA instruction. This flag is reset and the 
Indicator turned off at the beginning of the next transfer instruction. 


2.17.02 


READER CONDITION INDICATOR — The Reader Condition Indicator is illuminated and flag R1 set 
when a card read instruction (RCD) is being executed and any of the following conditions exist: 


1. The reader is not on 
2. The reader is out of cards 


3. Burned out bulb in reader 


The read instruction is held up pending operator action as follows: 


1. If the Reader is out of cards, the placing of cards ih the feed hopper and depression of the 
Restart Switch on the reader will then cause the card read instruction to be executed. 

2. If the Reader is not on, the Reader power on switch must first be turned on and then the 
Restart switch depressed. 


3. The use of the Ready push button, at this point will return the program to the READY 
mode. 


The R1 flag is set only while waiting to read a card, and is reset when the instruction is executed. 
Therefore, only the Indicator light can be used to notify the operator of this condition. 


The R2 and R3 flags are set or reset by Data Comm instructions and are not controlled by card 
instructions. 


FLAG INSTRUCTIONS (LOAD, SET, RESET, CHANGE) — The execution of a LOD, SET, RST, or 
CHG Flag instruction involving the Reader Flags will also cause their associated indicator lights to either 
be turned on or off depending on the instruction used. 


2.17.03 PROGRAM KEYS 


- Program Keys that have been enabled prior to a Card Read instruction or any of the Card Transfer 
instructions will be ignored during those instructions. If a Reader Condition occurs and the Card Read 
instruction is held up, use of a PK will have no immediate affect except to place the PK code in the 
keyboard buffer pending the next keyboard instruction where it will be recognized. 
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2. 18 — 80-COLUMN CARD OUTPUT INSTRUCTIONS 
2. 18.01 PUNCHING pee eer DATA 


The following instructions provide for punching alphanumeric data during keyboard entry or directly 
from storage in memory. Each use of one of these instructions punches one field, or a portion thereof, 
depending on the number of characters and the field size. Therefore the SKP (See Subject 2.18.03) 
instruction should normally be used following each of these instructions to by-pass unused trailing 
positions in the field and to position the card to the first column in the next field. | 


_ OPCODE A 
TYPE AND PUNCH XTK 0-150 15%” forms handler 


XTK 0-255 26” forms handler 


The XTK instruction combines typing, printing and punching up to the maximum number of characters 
specified in the A parameter. This instruction functions like a TK instruction in most respects with the 
additional function of punching the data into an 80-column card. However, the use of the Backspace 
Key is disabled, since a code would already have punched. The termination of this instruction with an 
OCK or PK does not cause a code to punch. 


If the punch is off-line, XTK will be executed only as a TK instruction. 


The use of the Backspace Key has been prohibited; therefore, if it is depressed, an error state occurs. 
which requires depression of the Reset Key. Caution must be exercised with use of the Reset Key since, 
if in the middle of a keyboard entry but not in an error state, use of the Reset Key re-initiates the 
instruction and sets the LXC Register back to the start of the field. This puts the card out of step since 
part of the. field has seca Locate These considerations also apply to XTKM and AEAM following. 


~~ OPCODE A 
TYPE INTO MEMORY, PUNCH AND PRINT -XTKM 0-150 15%” forms handler 
| XTKM ~ 0-255 26” forms handler 


The XTKM instruction combines typing, printing, entering the data into memory and punching up to 
the maximum number of characters specified in the A parameter. The prior use of LKBR designates the 
starting word for storing the data. The XTKM instruction functions like the TKM instruction in every 
respect with the additional function of punching into an 80-column card. However, the use of the 
Backspace Key is disabled (see XTK) since a code would already have punched. The termination of this — 
instruction with an OCK or PK does not cause. a code to punch, but does place an End of Alpha code 
in memory. 


If the Punch is off-line, XTKM is executed only as a TKM instruction. 


OPCODE A 


ENTER ALPHA INTO MEMORY AND PUNCH, XEAM 0-150 15%” forms handler 
NON-PRINT 
| XEAM~ 0-255 26” forms handler 


The XEAM instruction functions exactly like the XTKM instruction except that printing does not occur. 
If the Punch is off-line, XEAM is executed only as an EAM instruction. 


2.18.01 


OP CODE A 


PRINT ALPHA AND PUNCH | | XPA LABEL 


The XPA instruction prints and punches the alphanumeric data stored in the memory location 
designated by the A parameter. The instruction is terminated upon reaching an End of Alpha code in 
the data: the End of Alpha code does not punch. This instruction functions like a PA instruction in 
every respect with the additional function of punching into an 80-column card. If the Punch is off-line, 
the XPA instruction is executed only as a PA instruction. 


OP CODE A 


PUNCH ALPHA FROM MEMORY, NON-PRINT XA LABEL 


The XA instruction functions exactly like the XPA instruction except that printing does not occur. If 
the Punch is off-line, XA is executed as a NOP instruction. 


2.18.02 PUNCHING NUMERIC DATA FROM THE ACCUMULATOR 


The following instructions provide for printing and punching, or just punching, numeric data from the 
Accumulator. The Pointer designates the high order digit position of the Accumulator at which printing 
and punching begin; the printing format and punching are controlled by the Mask word selected. The 
instruction is terminated after punching and printing through digit position zero or when an “E” (End) 
Mask code is encountered in the Mask word. A Mask word is used for all punch numeric instructions 
even though printing may not be a function of a given instruction. It serves to right justify the numeric 
data in the card field, filling in preceding zeros or blank columns. Therefore, a fixed field length results 
and the use of SKP subsequently is not needed. | 


The Punch Flag (P) in the Mask word, when set, causes leading zeros to punch even though leading zero 
suppression Mask codes (Z,Z) prevent their printing. If the Punch Flag is not set, a blank card column 
results for each leading zero suppressed by a Z (or Z,) Mask code; however, if the Punch Flag is not set 
and if an Unconditional Print Mask code is used (D D, etc.), all leading zeros will punch into the card 
(refer to the following table). The Punch Flag has no effect on the print characteristics of the Mask 
codes. 
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oS PRINTING: PUNCHING a 


MASK CODE 


Print. 7 | “No E Effect 


Suppress Punctuation No Effect. 


Leading zeros punch if P 
flag set, blank card column 
if reset | 


No Effect 


Print Character regardless 
of significance 


| Pach Chaietet regardless | 
_ of significance 7 


Trailing zero suppression 


Leading zero & trailing 
zero suppression - 


Punch. if: | 


Print if: 


(1) Accum digit not me) P is s Set | 
zero. | : (2). Accum digit not 
@) A non-zero digit zero 


(3) A non-zero - digit” 
has been punched 


has been printed 


Print only if Accum digit | | 
not zero. 


Ignore | 


Terminate, N on-print | 


Terminate, Non-punch © 


TABLE 


If an Ignore (I) Mask code is used, the corresponding digit in the Accumulator does not print or punch. 
If the End (E) Mask code is used, the. corresponding digit neither prints nor punches and the instruction 
is terminated. All other Mask codes cause the corresponding digit to punch. 


The punctuation provided by some of the. Mask codes citing printing ages not punch. | 


2.18.02 (Cont’d-1) 


In a numeric field on the output card, if only significant digits are to be interpreted along the top of 
the card, then leading zeros of the numeric word in the Accumulator must be represented by blank card 
columns in the output card (P Flag must be reset and ‘‘Z”? mask codes used in order for this to occur). 


| OP CODE A B 
PRINT & PUNCH NUMERIC XPN 0-14 0-15 


The XPN instruction prints and punches the contents of the Accumulator, starting at the high order 
digit position designated by the A parameter, in accordance with the print mask designated by the B 
parameter. The print mask value is relative to the mask table base word established by the last LPNR 
instruction. This instruction functions like a PN instruction in every respect with the additional function 
of punching. | 


If the Accumulator Minus Flag is set, an “11” overpunch is punched with the least significant digit of 
the Accumulator (digit 0); if minus, and if the mask word terminates printing/punching prior to digit 0 
(with an “E’’) or ignores digit 0 (with an “T’’), an “S11” overpunch does not punch. If the “11” 
overpunch is not cesired in the field, the Minus flag must first be reset. 


All Recaraalioe digits of a higher order position than the A satatneter are ignored. 


66 93 


When it is necessary to punch a plus “+? or minus ‘ sign into a separate card column, or when the 
value of the other Accumulator flags (S, C, M) must be punched, this can be accomplished by testing 
the individual flag settings (SK or EX) and punching an appropriate code in the card column(s) with the 
XC (Punch Code) instruction prior to or after punching the numeric field with the XPN instruction. If 
the sign column must follow the numeric field, a set Minus flag must first be reset before punching the 
data; this usually requires separate program paths, after testing for a minus condition, to both punch the 
data and punch the correct sign code. | 


If the Punch is off-line, XPN is executed only as a PN i snisteuchion: 


| OPCODE A BL 
PRINT & PUNCH NUMERIC, SHIFT RIBBON IF MINUS _ - XPNS— 0-14 0-15 


The XPNS— instruction is the same as the XPN instruction sree that the ribbon color is changed if. 
the Accumulator Sign Flag i 1S set sees If the Punch is off-line, XPNS— is executed ead as a PNS— 
instruction. 
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%, 
\ . 3 
| OP CODE A BL 
PRINT & PUNCH NUMERIC, SHIFT RIBBON IF PLUS XPNS+ 0-14 0-15 


_ The XPNS+ instruction is the same as the XPN instruction except that the ribbon color is changed if the 
Accumulator Sign Flag is reset (Plus). If the punch is off-line, XPNS+ is executed only as a PNS+ 
instruction. | 


Punch Numeric Data, Non-print 


OPCODE A B 
PUNCH NUMERIC, NON-PRINT XN - 0-14 0-15 


The XN instruction is the same as the XPN instruction except that no printing occurs. A mask word is 
used with this instruction since it controls punching, and may be the same mask word used with other 
Print Numeric instructions as there would be no affect on the non-print characteristic of XN. If the 
punch is off-line, XN is executed as a NOP instruction. 


OPCODE A B 
PUNCH CODE | XC 0-15 —6Q-15 


The XC instruction permits outputting any desired single card code (without it being resident in 
memory) or any special punch pattern in a card column (except only one punch can be created in rows 
1 to 7 in a card column although any punch combination in the other rows can be obtained). The A 
parameter controls punching in card rows 12, 11, 0, and 9; the B parameter controls punching in card 
rows | through 8. | | | | 


| Printing does not occur with this instruction. If the Punch is off, XC is executed as a NOP instruction. 


ROWS | | — ROWS 
12, 11,0,9 - | 1-8 
‘A a ar ar 
A Parameter Value & 42 1. 
B Parameter Value \} {) dB 


To punch an “A’’ (Row 12, 1) the XC instruction would be 


OP CODE A 2 
XC 8 4 
To punch Rows 12, 11, 0, 8, 6 the XC instruction would be 
| OP CODE A B 
xc 140i 


Refer to Appendix H to find A and B parameter values of various characters to be punched. 


2.18.02 (Cont’d-3) 


2.18.03 CARD COLUMN SYNCHRONIZATION WITH THE PUNCH COUNT REGISTER 


A Punch Count Register is used by firmware to count the card columns either punched or escaped in 
order to control the location of the card and maintain synchronization. When the system is turned on, 
the value in this register is indeterminable, and therefore it must be loaded with the value “‘1”’ at the 
start of a program. | 


OP CODE A 


LOAD PUNCH COUNT REGISTER LXC 1 


The LXC instruction loads the value specified in the A parameter into the Punch Count Register. The 
parameter value must be “1” to synchronize the register with the card in the punch station (card must 
be registered in the punch station at card column one). 


The LXC instruction is normally used only once in a program, during the initialization routine. Once 
into the program, firmware resets the Punch Count Register to 1 whenever a card is released in the 
punch and another card registered at column 1. However, it is recommended that a provision be 
included in the program for the operator to reset the register to 1 in the event a card becomes out of 
step. This condition could occur from the improper use of the keyboard Reset Key during a keyboard 
entry, or from inadvertent manipulation of the control keys on the card punch (which should not be 
necessary once a program is in operation). Note that if the keyboard Reset Key is used during a 
keyboard entry and the system is not in an error state, the keyboard instruction is re-initiated 
(repositioning the printer and permitting a complete new entry) and the Punch Count Register is set 
back to the beginning column of that field. The card containing the incorrect data should be released 
and duplicated to the beginning column of the reset field. The new entry may then be made without 
losing synchronization between the L/TC and the card punch. Backspacing will generally result in new 
data being punched over incorrect data producing incorrect cards. 


OP CODE A 


SKIP TO COLUMN SKP 1-80 


The SKP instruction causes the card to skip to the card column specified in the A parameter. A skip to 
card column 1 causes the card to be released and a new card registered at column 1. This is the 
prescribed manner in which the Series L program releases a card. If the card is presently on the card 
column specified by the SKP instruction, no skipping occurs. An exception to this is a skip to 1 when 
the card is already on column |; this results in the card being released and another card registered. 
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Once the skip function has been initiated, the program resumes execution while the skipping is being 
completed, except for skips of up to 3 columns. If the program reaches another punch instruction while 
skipping is occurring, the program is held up until skipping has been completed. Skips of 3 columns or 
less are actually treated as Punch Blanks (XC 00, blank card columns), and’ in this situation, ‘program 
execution is held up until the skip is completed. 


A skip to a esser numbered column than the present card location will cause the telease of the card and 
the registration of a new card; however, the count register will be in error for the newly registered card. 


If the punch is off-line, the SKP instruction is executed as a NOP instruction. 


The SKP instruction should normally be used after each sie instruction where unused card columns 
could remain, such as with XTK, XTKM, XPA, etc. It is normal for these instructions to be terminated 
before punching the total number of characters specified in the parameter; therefore, a SKP instruction 
must be used to ensure that the card is properly positioned to the start of the next field. 


- OPCODE A> 


DUPLICATE THROUGH COLUMN ae 2 * Sse DUp & ERO 


The DUP instruction causes data from the card in the Read Station to be punched (duplicated) into the 
corresponding columns of the card in the punch station. The duplication function starts at and includes 
the card column at which it is initiated, and. continues through the card- column specified in the A 
parameter. A DUP through 80 will cause the card to be duplicated through column 80, released, and a 
new card registered at column 1. A DUP through the same card column number as the present location 
of the card results in no duplication. | | 


Once the duplication function has bei initiated, the program resumes execution while the duplication is 
being completed. if the program reaches another punch instruction while duplication is occurring, the 
program is held up until the duplication has been pompleted: 


A DUP through a . lesser numbered card “Glin than ‘the Breeent location of the card will cause a 
duplication through column 80, release of the card and registration of 2 a new card; however, ‘the count 
register will be in error for the newly registered card. : + 7 


If the punch is off-line, the DUP instruction is executed : asa 2 NOP instruction. 


Cards are released from the eunch station by the Serie. L program with the use of a Skip t to Column |! 
instruction (SKP 1) or a Duplicate Through Column 80. instruction (DUP 80). Use of the card punch 
manual controls, during program operation, or any other type of program release will in most cases 
cause the newly registered card to be out of synchronization with the Punch Count Register. a 


2.18.03 (Cont’d-1) 


The Regular Card Stacker is selected automatically if the program has not specified otherwise for the 


card being released. The Alternate Stacker is selected by executing the following instruction: 


OP CODE 


ALTERNATE STACKING POCKET ALTP > 


The ALTP instruction causes the card in the Punch Station to be routed to the Alternate Stacking 
Pocket after it has been released from both the Punch Station and the Read Station. The ALTP 
instruction must be executed while the card is still in the Punch Station, and prior to any instruction 
that will cause the card to be released from the Punch Station, in order to affect that card when it is 
finally released from the Read Station. eS 


This instruction can be used to advantage in many ways, such as to segregate two groups of transactions, 
or to out-sort special information cards from standard transaction cards (such as low quantity alerts, 
etc.) or to collect reject cards from error entries. 


If the punch is off-line, the ALTP instruction is executed as a NOP instruction. 
2.18.04 OUTPUT INDICATOR LIGHTS AND FLAGS 


Three of the Output Indicator Lights on the Series L keyboard are used to advise the operator of the 
operating status of the card punch. 


OUTPUT 


| weom | emmon | 
Oo oO Oo 


Output Indicator Lights 


The Punch Off Indicator Light is turned on and Punch Flag P4 is set if the card punch “On-Line”’ 
switch is not on, or if the On/Off switch is not on while a card punching instruction is attempted. The 
punch portion of the instruction is inhibited and the instruction is executed in the manner of its 
counterpart keyboard or print instruction. The program does not halt. An instruction involving no other 
functions but punching is executed as a NOP instruction. The correction of the condition by turning on 
the punch and placing it in the On-Line mode will cause the indicator to be turned off and Punch Flag 
P4 to be reset on the next punch instruction. 


To avoid the possibility of the operator failing to turn ¢ on the punch. when beginning an operation, it is 
recommended that during the program initialization a card be released (SKP 1) and the Punch Off Flag 
P4 be examined. ‘If P4 is set, the program can warn the operator (with the Alarm or by printing a 
warning message) and in addition may prohibit further processing or halt to allow an operator decision 
as to whether the following group of transactions requires card output. 
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If the program attempts to execute a punch instruction and a card is not registered in the punch station, 
the instruction is held up, the Media Indicator light is turned on, and Punch Flag P1 is set. Correction 
of the condition by registering a card in the punch station permits the instruction to be executed, at 
which time the Indicator light is turned off and Punch Flag P1 is reset. Only the Indicator light can be 
used to notify the operator that a card is not present in the punch station since the P1 flag is set only 
while the punching instruction is held up and is reset after the punching instruction is executed. 


The Error Indicator Light is turned on and. Punch Flag P2 is set if a card punch malfunction or 
misoperation occurs. If this condition occurs, the card punch is not operative, the RESET key 
(switch-light) on the card punch is turned on, and the program is held up on the punch instruction. A 
depression of the RESET key removes the error condition and permits execution of that instruction to 
ve completed and the program to continue; Punch Flag P2 and the Indicator light are turned off. 


Depression of the RESET key does not change the fact that ese hint may have occurred, or that a 
newly registered card may be out of synchronization with the punch count register. 


The execution of a LOD, SET, RST, or CHG Flag instruction involving the Punch Flags will also cause | 
their associated indicator lights to either be turned on or off depending on the instruction used. 


Program Keys that have been enabled prior to a card punch instruction involving a keyboard entry 
(XTK, XTKM, XEAM) may be used to terminate that instruction. If the instruction is terminated with 
an OCK, such Ks as were enabled will be disabled. an | 


2.18.04 (Cont’d-1) 


SUBJECT 2.19 — MAGNETIC UNIT RECORD INSTRUCTIONS 


The Magnetic Unit Record (MUR) Instructions provide the ability to read data from or write data on, a 
single magnetic record on a magnetic record card. These instructions apply to a unit record handling 
mechanism integrated into the console of the system with the magnetic unit record option, or an option 
magnetic record handling Auto Reader. All reading and writing is from a 22-word section of main 
memory used as an input/output buffer. Input Instructions provide the ability to read data from the 
magnetic record, to transfer the variable length data fields from the buffer into either memory or the 
accumulator, and to process data directly from the buffer. Output Instructions provide the ability to 
transfer both numeric and alpha data to the buffer and to write the contents of the buffer on the 
magnetic record. The location of the buffer is dependent upon, and specified by the type of firmware 
used. 


A maximum of 349 digits of data, plus 2 line-find digits, and a block check digit, may be stored on the 
magnetic record of a standard 11’? magnetic unit record. The data is read from, or written on, the 
magnetic record in one continuous motion of the record mechanism past the read/write heads. There are 
no separation digits or characters written on, or read from, the magnetic record. All data field 
formatting is accomplished after the data has been read from the magnetic record into the buffer, 
following the read or input mode, and upon entry of data into the buffer prior to the write or output 
mode. Formatting of data is accomplished by values stored in a stripe format table. 


2.19.01 MAGNETIC UNIT RECORD FORMATS 


The Magnetic Record Format specifies the starting digit location and the length of a data field within 
the magnetic record input/output area. This allows variable length data fields to be moved from, or 
inserted into, the input/output buffer. The values that describe these fields are contained in a Stripe 
Format Table. A Stripe Format Register is used to contain the memory location of the first word of the 
Stripe Format Table, and it must be loaded in the program before any fields are accessed. 


OP CODE A. B 
LOAD STRIPE FORMAT REGISTER LSFR LABEL 


The LSFR instruction provides the ability to establish the location of a Stripe Format Table in memory. 
The format instruction loads the Stripe Format Register with the memory location of the label 
contained in the A parameter. The Stripe Format Register establishes the base address of the Stripe 
Format Table. A format table for the magnetic record is 16 words in length, and may contain up to 64 
formats. More than 1 table may be used; however, when replacing a table currently in use, the base 
address of the replacement table must be initialized by an LSFR (Load Stripe Format Register) 
instruction. 


Example: 


FIELD] 


PARAMETER 


OP. CODE GTH LABEL 
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OPCODE A B | | REMARKS 


‘LSFR ~—s-FIELDS'-—sé<Ssié«~LOA@dD THEE STRIPE FORMAAT REISER WITH FIELDS, 
THE BASE ADDRESS OF THE STRIPE FORMAT TABLE. 


2.19.02 MAGNETIC UNIT RECORD PSEUDO INSTRUCTIONS 


The Pseudo instructions allow the programmer to communicate both with the assembler program and 

the system. These Pseudo instructions do not directly produce machine language instructions for the 

object program. They do, however, control the manner of assembly, determine the interpretation of data 

input to the assembler and exert control over the system such as forms control and word-syllable 
counter control. 

OP CODE A B 

MAGNETIC RECORD FORMAT (PSEUDO) SLF 4-349 - 1-15 (numeric) 
1-63 (alphanumeric) 


The SLF instruction is used to format the magnetic record data (read from the unit record) during a 
transfer from the input area into either memory or the accumulator, or is used to format data transfer 
to the output area prior to a magnetic record write instruction. 


The A parameter specifies the starting digit location of a data field; the B parameter specifies the length | 
of that data field within the magnetic record input/output area. Signs for signed numeric data require a 
digit. Alpha characters require two digits. The values entered are assembled into one syllable as part of 
the Stripe Format Table which begins at the location designated by the use of the LSFR ‘instruction 
(Load Stripe Format Register). The table may contain up to 64 field formats if more than 64 are 
required, another table must be designated with LSFR. The table must begin with syllable 0 of the 
designated word; therefore, it should be preceded with the ““WORD” pseudo instruction to assure proper 
assembly. | re es 


Example: 


PARAMETER 
LABEL P. GTH | , =, ye 
a a al 
PEPER PEPE PEPE EEE Pers Pehl = EER 


hth 


2.19.02 


LABEL OP CODE A B REMARKS 


LSFR FIELDS LOAD STRIPE FORMAT REGISTER 
ee eC 
WORD 
FIELDS SLF I 31 1-ACCOUNT NAME 
SLF 63 4, 2—CHECK COUNT 
SLF 67 7 3—ACCOUNT NUMBER 
SLF 74 11 4—BALANCE + SIGN 
SLF 85 1] 5—LOW MONTHLY BAL. + SIGN 


2.19.03 MAGNETIC UNIT RECORD FLAG 


Three flags (the “S’’ group) are included in the system with the Magnetic Record option: the Read 
Error Flag (R), the Filled Sheet Flag (F), and the Write Error Flag (W). 


READ ERROR FLAG (R) — The Read Error Flag is set if a read error occurs during the record-read 
process. Read errors occur because of the following conditions: 


1. The data encoded on the magnetic unit record has become corrupted. 
2. There is a blank magnetic record in the magnetic unit record mechanism. 
3. The magnetic record is prematurely removed from the mechanism. 


The “R” flag may be interrogated by the aa and Execute instructions, but is reset by the initiation of 
the next read or write instruction. 


FILLED SHEET FLAG (F) — The Filled Sheet Flag is set when the Stripe Count Register is 
incremented to a value of | greater than the contents of the Stripe Limit Register. The “F’’ flag may be 
interrogated by the Skip and Execute instructions, but it is reset by the initiation of the next read or 
write instruction. 


WRITE ERROR FLAG (W) — The Write Error Flag is set if a write error occurs during the record-write 
process. Write errors occur because of the following conditions: 


1. The magnetic record in the mechanism is improperly coded. 
2. There is no unit record in the mechanism. | 
‘3. The magnetic unit record is prematurely removed from the mechanism. 


The “‘W”’ flag may be interrogated by the Skip and Execute instructions, but is reset my the : initiation of 
the next read or write instruction. 


2.19.04 WRITE INSTRUCTIONS 


| | QP. CODE 
WRITE RECORD 7 | | ga WG 


The WL instruction writes the data from the Magnetic Record Buffer onto the magnetic record on the 
unit record. The line number contained in the ative Count Register is written in the line-find-digits area 
of the magnetic record. : 
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The initial phase of execution will open the handler if closed. The data is written while the magnetic 
record is being ejected. 


If a write error occurs, the W (write error) flag is set. All error recovery routines are programmatic. 


Example: 7 | PARAMETER | 
LEN- }—— 
LABEL OP. CODE GTH LABEL 


15 }17] e122 | 2a} 29 as [252522] 220 />1 2] spe 


| FF 


EFPAPFEREE EEE 


 g ' 
et tT et mt tt ee 


LABEL OP CODE A +1- B C REMARKS 
SRI WRITEL GO TO WRITE RECORD 

WRITE RL 3 0 NON-READ AND ALIGN RECORD 
EX S R 2 EXIF JAM/READ ERROR 
PKA 1 | ENABLE RECONSTRUCT PK 
BRU 3 GO RETRY 

WRITEL WL WRITE MAGNETIC RECORD 
EX S W 3 EXECUTE IF WRITE ERROR 
PKA 3% PKA 3—WRITE ERROR ROUTINE 
TK O HALT FOR PK SELECTION 
BRU 2 GO TO SELECT PK. 


*PKA 3 — BRU WRITE 


2.19.04 (Cont’d) 


2.19.05 READ INSTRUCTION 
OP CODE A B 


READ RECORD RL 0-5 0-15 


The RL instruction provides the ability to read the magnetic record on a unit record either from the 
console mechanism, or from the auto reader. This instruction is comprised of two operational phases. 
Phase one is a numeric keyboard operation and phase two is a read and/or align operation. (There is not 
a numeric phase on a read from auto reader instruction.) 


The A parameter specifies the type of read and/or alignment. It also specifies the input device. The 
possible entries for the A parameter are: 


Q — Read and align to the line number on the magnetic record. 

1 — Read and align to the line number contained in the Stripe Count Register. 

2 — Read and align to posting line 1 (the first posting line). 

3 — Non-read and align to the line number contained in the Stripe Count Register. 
4 — Read and eject record. 

5 — Read from auto reader. 


Parameter 0 — Reads the magnetic record and loads the line number contained on the magnetic record, 
automatically, incremented by one by firmware because it is the last posting line number, 
into the Stripe Count Register, and aligns the ledger to thecontents of the Stripe Count 
Register. 


Parameter 1 — Reads the magnetic record, ignores the line-find digits, and aligns the unit record to the 
number contained in the Stripe Count Register. 


Parameter 2 — Reads the magnetic unit record and aligns the record to posting line 1, the first posting 
line. The line-find number read from the magnetic record is incremented by one, since it 
is the number of the last posting line, and loaded into the Stripe Count Register. The unit 
record may be posted in its current position, or may be aligned to the contents of the 
Stripe Count Register, or may be aligned after reloading the register. 


- Parameter 3 — This parameter provides the ability to insert either a striped or non-striped record and 
align it to the number contained in the Stripe Count Register. Since this parameter does 
not attempt to read the stripe, the contents of the Striped Record Buffer are not 
affected. 


Parameter 4 — Reads the contents of the magnetic record into the buffer and ejects the unit record. 


Parameter 5 — This parameter specifies an auto reader read. the contents of the magnetic unit record are 
read into the buffer. If the auto reader is turned off, or is not connected to the system, 
the instruction will change control to the console mechanism and perform a Read and 
Eject as described for parameter 4. 


The B parameter specifies the number of numeric digits which may be entered into the Accumulator 
during the numeric keyboard phase of the RL instruction. This is a standard keyboard operation, except 
that the 00,000, Decimal Fraction, RE, C and M keys are not valid. | 
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When the instruction is initiated, the numeric keyboard indicator is turned on and the number of digits 
specified by the “B” parameter may be entered. If this number is exceeded, a keyboard error results. 
The use of the Reset Key will clear the Accumulator and reinitiate the instruction. PK’s may be enabled — 
prior to the RL instruction, so the entry may be terminated by depressing an activated PK. The entry 
may also be terminated by any OCK which will also set the appropriate OCK flag. If the keyboard entry 
is in error and has been terminated by an OCK, the depressing of the Ready Button will return the 
system to the Ready Mode. When the system is in the Ready Mode, the use of the Reset Key will 
reinitiate the RL instruction; however, any PK’s that were enabled, when the RL was originally initiated, 
have been eliminated by the OCK termination. 


If the numeric keyboard phase of the RL instruction ie Geaitnalee by a PK, a jump to seule specific 
subroutine takes precedence. 


If the numeric keyboard phase of the RL instruction is terminated by an OCK, the read phase is 
initiated, and the system idles waiting for the insertion of a unit record. The insertion of a magnetic 
unit record will execute the read phase of the instruction. 


The numeric keyboard phase may also be terminated by the insertion of a magnetic record, without — 
depressing any OCK. It is possible to initiate the RL instruction, enter numeric digits not exceeding the 
number specified by the B parameter, and insert a unit record which terminates the numeric keyboard 
phase and initiates execution of the ea phase. This type of termination of the keyboard phase resets 
all OCK flags. 


The forms handler is automatically opened during the initiation of the instruction. It is closed by the 
first print instruction or a close instruction. | 


In the read phase, data is transferred to the unit record buffer, destroying the prior contents. 


If a magnetic record from a previous operation remains in the mechanism when an RL instruction is 
initiated, the “‘presence”’’ sensor logic requires that it be removed and reinserted, even if it is intended as 
the media for the current read operation. 


If a read error occurs, either in the console mechanism or the auto reader, the R (read error) flag is set 
and magnetic record is ejected. All error recovery routines are programmatic for either reader; however, 
provision is made in the presence sensor logic, for the console mechanism, to allow the unit record to be 
pushed from the eject position for a programmatic retry of the RL instruction. If a read error occurs 
when the auto reader has been selected, the unit record must be moved from the stacking hopper back 
to the feed hopper for the programmatic retry of the RL instruction. 


If a Filled Sheet is detected during the execution of an RL instruction, the unit record is automatically 
ejected and the Filled Sheet Flag is set. Detection of the filled sheet condition, and error recovery, must 
be programmatic. | 


2.19.05 (Cont’d-1) 


Example 1: 


OP CODE 


RL 
EX 

PKA 
BRU 


EBX 
PKA 
TK 

BRU 


PARAMETER 
Cs a a eS 
re. fe 


? + OR - 
GTH 
OP. CODE LABEL INC/REL 


Shine nein ashe 


aay 
BAW LE tii a dee 
A +- BC REMARKS 
0 4 INDEX 4-DIGIT NUMBER AND INSERT RECORD 
S R 2. IF READ ERROR OR JAM 
PKA 1—RECONSTRUCT ROUTINE 
3 BRANCH BACK IF “R” FLAG IS SET AND 
ATTEMPT TO READ AGAIN, UNTIL PKA 1 IS 
SELECTED. 
S F 3 ‘IF FILLED SHEET 
2 PKA 2—FILLED SHEET ROUTINE 
0 HALT FOR ENFORCED PK SELECTION 
2 BRANCH BACK IF “F” FLAG IS SET TO ENSURE 


DEPRESSION OF PKA 2. 


If a Filled Sheet is detected during the posting procedure, that is, if during the posting procedure an 
OCK or a PK was selected which would advance the magnetic unit record to a line below the last 
available posting line (or if the Stripe Count Register is incremented to a value of 1 greater than the 
contents of the Stripe Limit Register), the Filled Sheet Flag is set. (The automatic ejection of the record 
can be suppressed if desired.) Detection of the filled sheet condition and error recovery, must be 


programmatic. 
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Example 2: 


© fs rf eff] es 2} 2 faa = 2 2] 220222] on 


| PARAMETER 
rasta 
7 a +°OR oe 


_ | op. coDE 


aa)as fas |a7_ | 


Ww : ne 


45,17! 


e 4 
> |> iy [e& 
ror V) 
rl 4 
€ 
vg ? 
FERRE ERR EEEE EE 


cc. 


\ 


| 1 . | 
Md é 
f re 


-f 


PE et tT tT et et TP 


rs a d Ss ; ; : 
| p e 
| > 


| 

= 
i 
| 

7 


LABEL 
INITAL 


OP CODE A 
LSLR 


y 


BRU POST 


W 
~ 
TI 


DOC LINE 46 IS BALANCE 
DOC FORWARD LINE __ 
POS BAL 

PA BALFWD 

POS” BALCOL 

TSBA 6 i 

PNS- 4 

SRJ FILLIN 

BRU POST 


2.19.05 (Cont’d-3) 


| REMARKS — 
LOAD MAG REC LIMIT REGISTER 


ALIGN TO NEXT LINE 
TEST LAST LINE | 
GO TO POST NEXT LINE 


POSITION TO BALANCE 


_ TYPE BALANCE FWD MSG 


POSITION TO BALANCE COLUMN 
READ BALANCE | 

PRINT BALANCE 

GO TO FILLED SHEET 

GO POST NEXT ENTRY 


MUR 


In this example, when the AR instruction advances the record to line 46 (Limit Register value +1) the 
Filled Sheet Flag (F) is set and the system displays a notification message and the Balance. The program 
then jumps to a filled sheet routine for heading up the next record and returns to the correct posting 
routine. 


2.19.06 PRINT ALPHA FROM MAGNETIC RECORD AREA INSTRUCTION 
OP CODE A 
PRINT ALPHA FROM MAGNETIC RECORD AREA PAS 1-64 


The PAS instruction prints alpha characters from the Magnetic Record Read-In Area. The number of 
characters printed, and their location in the Magnetic Record Buffer, is determined by the format 
selected by the A parameter. 


The PAS instruction is terminated by the printing of the number of characters specified by the selected 
format, or by the presence of NUL (0,0) codes in the data field. 


Example: 


PARAMETER 


@) 


oO 
a 
ro 
wo 
peo 
H 
Uv 
ENF: 
Oo 
oO 
Rds 
NV] 45 
165 
PB | 
i 
> 
wo 
mM 
bee 
Coa 
lz 
Ea 
Eats 
Ne 
ee 
0) 
pay 
~J 


EEEEFTEEEE 


-” 
- 
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LABEL OP CODE Bas REMARKS 


LSFR~—S~#FIELDS'”—<é‘<‘ié;SCS*;*C*C@LOA@dD STRIPE FORMAT REGISTER 


PAS oie PRINT 31 ALPHA CHARACTERS FROM THE 
| _ MAGNETIC RECORD READ-IN AREA. 


FIELDS — SLF 31. 1-ACCOUNT NAME | 


SLF 63 = 4  2—CHECK.COUNT . | 
SLF 67 7 3~ACCOUNT NUMBER 
SLF 74 11 4-BALANCE AND SIGN | 
SLE 8 __5-LOW MONTHLY BALANCE AND SIGN 


2.19.07 ARITHMETIC INSTRUCTIONS — 


OP CODE #$$-A B 


ADD FROM MAGNETIC RECORD AREA is ADB <=eti‘éi‘iK 
TO ACCUMULATOR 4 ® Y - . es rae 
SUBTRACT MAGNETIC RECORD / AREA SUB ssa64 


FROM ACCUMULATOR 
The ADB instruction adds the number of digits specified by the format, which is selected by the A 
parameter, to the Accumulator. | 


The B parameter of the ADB instruction, if 0, ee an aeaneteicd data field: if l,a sone dats field. 
If the field is signed, the least significant digit contains the sign (all Accumulator flags). 


The SUB instruction subtracts the number of digits specified by the format, which is selected by the A 
parameter, from the Accumulator. The B parameter specifications are identical to those described for 
the ADB instruction above. 7 ? Ss 


Example: This example utilizes the Stripe Format Table as defined aie the PAS instruction example. 


| PARAMETER | 


Ads 


2.19.07 


OPCODE A B REMARKS 
ADB pi) 0 ADD 4 DIGITS (UNSIGNED) TO THE ACCUMULATOR. 


2.19.08 TRANSFER INSTRUCTIONS 


OP CODE A B 
TRANSFER NUMERIC FROM MAGNETIC TSBA 1-64 0-1 
AREA TO ACCUMULATOR 
TRANSFER ALPHA FROM MAGNETIC TSBM 1-64 


AREA TO MEMORY 


The TSBA instruction transfers the number of digits specified by the format, which is selected by the A 
parameter, into the Accumulator. 


The B parameter of the TSBA instruction, if 0, specifies that the field is unsigned. If the B parameter is 
1, the field is signed. The sign digit is contained in the least significant digit position of the data field 
defined by the format. It is inserted into the sign position of the Accumulator during the transfer 
process. The sign digit is considered to occupy a digit oe in the field defined by the format. All 
Accumulator flags (— S C M) will be transferred. 


The TSBM instruction transfers the number of alpha characters, specified by the format selected by the 
A parameter, into memory. An LKBR instruction must precede this instruction, since the value 
contained is the memory location of the first word of the transfer. | 


The TSBM instruction is terminated by the transfer of the number of characters specified by the 
selected format. NUL (0,0) codes will be inserted into memory following the last character of the 
transfer. If the data does not completely occupy the last word of memory addressed in the transfer 
process, the balance of the word is filled with NUL (0,0) codes. If data completely fills the last word of 
memory addressed in the data transfer process, the next sequential memory word is filled with NUL 
(0,0) codes. | 


Example 1: This example utilizes the Stripe Format Table as defined in the PAS instruction example. 


PARAMETER 


OPCODE A_ B REMARKS 


TSBA 4 1 TRANSFER 11 DIGITS (INCLUDING THE SIGN) TO THE 
: ACCUMULATOR. 
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TASB —s- TMSB 


| OP CODE A B 
TRANSFER FROM ACCUMULATOR TO TASB 1-64 0-1 
MAGNETIC RECORD AREA _ 

TRANSFER ALPHA FROM MEMORY TO TMSB 1-64 


MAGNETIC RECORD AREA 


The TASB instruction transfers the number of digits specified by the format, which is selected by the 
A parameter, from the Accumulator into a data field in the Magnetic Record Buffer. The location of the 
data field within the buffer is also specified by the format. | 


If the B parameter of the TASB instruction is 0, the sign of the Accumulator is ignored. If the 
B parameter is 1, the sign of the Accumulator is transferred into the least significant digit position of 
the data field. If the sign is included, it is considered a digit transfer. (All Accumulator flags are 
transferred.) | 


The TMSB instruction transfers the number of alpha characters, specified by the format, which is 
selected by the A parameter, from memory to a data field in the Magnetic Record Buffer. The location 
of the data field within the buffer is also specified by the format. The memory location of the starting 
word of the transfer is contained in the Keyboard Base Register. To specify an intended memory 
location the TMSB instruction must be preceded by an LKBR instruction. The instruction is terminated 
by transferring the number of characters specified by the selected format or upon recognizing an end of 
alpha code. 


Example 2: This example utilizes the Stripe Format Table as described in the PAS instruction example. 


PARAMETER 


A eS ie 
OP. CODE LABEL eck = 
SSS ISo cc SoScccoo a2] «2 [ash fol 
mAS@ |S oun Pere 
ao eo ee cll | 
OPCODE A B REMARKS 
TASB 5 1 | TRANSFER 11 DIGITS (NCLUDING THE SIGN) FROM 
3 THE ACCUMULATOR TO THE MAGNETIC RECORD 
BUFFER. 


2.19.09 UNIT RECORD ALIGNMENT INSTRUCTIONS 


The Unit Record Alignment instructions provide the ability to control record movement and alignment 
in the console mechanism. 


7 _ OP CODE 
RECORD ALIGN oe LA 


The record align instruction provides the ability to move the handling mechanism from its current 
position to the line number contained in the Stripe Count Register. The Record Alignment Errors, 
‘Sam’ indications, and error recovery procedures are discussed under subject 2.19.10. 


2.19.09 


Example 1: 


PARAMETER 
A - 
= aa fe 
GTH . * 


ex 
BESS SSC SMe naacne amcor 
uscm® |, las ere PEE Ee PRE 
\. a 


OP CODE A B REMARKS 
LSCR 45 LOAD STRIPE COUNT REGISTER 
LA ALIGN RECORD TO LINE 45 
OP CODE 
EJECT RECORD EL 


The EL instruction ejects the unit record that is in the handling mechanism. This is the only operation 
performed. The Magnetic Record Buffer is not affected. See subject 2.19.10 for error conditions and 
recovery procedures. If the handler is closed, it is open for the execution of the EL instruction. 


Example 2: 


OP CODE 


EL 


PARAMETER 


A 


REMARKS 
EJECT RECORD 
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OP CODE 
RETRACT RECORD | RET 


The magnetic unit record handler travels down and to the rear of the console until a fixed limit is 
reached. The RET instruction moves the handler to this fixed limit, with the handler open, to permit 
the insertion and manual alignment of a record or form. See subject 2.19.10 for error conditions and 
recovery procedures. The handler will remain retracted until an EL, LA, or RL instruction moves it back 
to its forward limit. If the handler is in the retracted position when the power is turned on, the 
power-on routine will move it to the forward position. 


Example 3: 


. PARAMETER 

1 seaman ese Soe a | 

ie | + OR es 

GTH | 7 
Shoe INC/REL 


2240 =| 25-2 2] 91 32s as] 527/22 foes] ec] 03 [oe] fer 
Mem tt ttt P| 


OP. CODE 


OPCODE A BO REMARKS 


RET = = == ~—_—_- RETRACT RECORD | MECHANISM 
| | wei. Ok 
LOAD STRIPE COUNT REGISTER. LSCR 1-46 


The LSCR instruction loads the Stripe Count Register with the value stored in the “‘A’”’ parameter. The 


Ee) ga parameter value may vary from 1 to 46 (46 is maximum number of posting lines on an 11” 
Magnetic Record). 


The Stripe Count Register and the appropriate Forms Count Register are incremented by the AR, ALR, 
and ARTO instruction if a Magnetic Record is in handler. If a MeeneHe Record is not present, only the 
appropriate Forms Count Register is incremented. OO 


The Stripe Count Register must be reset to its initial vale by the programmer when: a ‘filled sheet 
condition is detected. If the Stripe Count Register is not reset it will continue being bumped by every 
AR, ALR, and ARTO instruction until it reaches a value of 255. It is then reset to zero. The filled sheet 


flag is set only when the stripe count register iS incremented one beyond the stripe limit register. At all 
other times the filled sheet flag is reset. 


When : a Write Magnetic Record (WL) instruction. i is eo the contents of the Stripe Count Register 
are written on the magnetic record in the area reserved for the line-find number, 


In a Read and Align operation. the contents of the Line-Find number on the magnetic. record are 
incremented by one and stored in the Stripe Count Register. 


2.19.09 (Cont’d-2) 


Example 4: 


PARAMETER 


OPCODE A B REMARKS 
-LSCR 1 LOAD THE STRIPE COUNT REGISTER WITH 
A VALUE OF 1. 
| - OP CODE Ak 
LOAD STRIPE COUNT REGISTER —CLLSCR 1-46 


The LSLR instruction loads the Stripe Limit Register with the value contained in the A parameter. 


Example 5: 
OP. CODE - LABEL eRe 
OP CODE A BO | | REMARKS 
LSLR | 45 LOAD THE STRIPE LIMIT REGISTER WITH A 


VALUE OF 45. 


2.19.10 RECORD ALIGNMENT ERRORS AND FLAG INDICATIONS 
Record Alignment Errors occur because of the following conditions: 


1. The “gripper” jaws in the handler mechanism are not move or are not r proper speed when 
the handler has been activated. . 


2. When the total number of lines, from the line-find operation, plus the number of program- 
matic line advances, does not equal the number of lines the format moves when it travels back 
to the limit to prepare for an eject or write operation. | 3 


If ae of the above conditions occur, a “‘jam’ > condition is probable. A jam can also be caused by a 
torn or accordioned form. The jam condition will result in os following indications: 
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1. The execution of the instruction in process when the alignment error occurred will not be 
terminated. | | | | i 


2. PKA 1 is enabled. Its indicator and the Error indicator are turned on. All other PK’s are 
disabled. All keyboard indicators, other than PKA 1 and the Error indicator are turned off. 
The alarm is sounded. 7 | 


_ Error recovery consists of clearing the alignment condition or record jam by pressing PKA 1 and by 
removing the unit record from the handler. The depression of PKA 1 clears the error condition, 
terminates the execution of the instruction in process when the error occurred, turns off the PKA 1 
indicator and the Error indicator, sets both the R and W flags, and returns to sequential execution of 
the program. oe | — 

It is essential since the instruction in process when the error occurred was terminated, that the Record 
Align (AL), Eject Record (EL), Write Record (WL), Read Record (RL), and the line advance 


instructions (AR, ALR, ARTO) each are followed by flag interrogation instructions to allow program- 
_ matic recovery from an error condition. 


_ Example: _ | , 
ey Cee ee -e -e 
am | tenner | - 
232 25| 2 2725 9] 0] 21 2] 2924] a5 56 |37| 50] 2 [ao [asa] aa [oe] as bs [a7 
ee are ere ee ae 
ee ae 
a Br i A ja 
Pe ee FEE Pee Pe 
~ et Se. See eS 
_ OP CODE A +/- B Cc REMARKS | 
—LSCR” 1 LOAD STRIPE COUNT REGISTER 
RL 3 xe NON-READ AND ALIGN RECORD 
EX S R 2 IF READ ERROR OR JAM 
PKA I PKA 1—-RECONSTRUCT ROUTINE 
BRU ~3 BRANCH BACK IF “R” FLAG IS SET AND 


ATTEMPT TO READ AGAIN, UNTIL PKA 1 
IS SELECTED. 


2.19.10 (Cont’d) _ 


2.20 — MESSAGE UNPACKING ROUTINE 
2.20.01 GENERAL DESCRIPTION 


The message unpacking microstring is used for unpacking numeric tfeentiGn after it has been 
transferred from the Data Communications buffer to the accumulator. The use of this macro, as 
opposed to a user written routine to accomplish the same results, will on some applications result in a 
considerable reduction in the time it takes for the TC to process the data. The message unpack macro 
should be used when the following conditions exist: The number and types of data elements in the 
message are variable; and like elements in the message are to be grouped for printing, totaling or storing. 
Up to 32 different numeric elements may be stored. 7 


To use this Macro the Programmer must set up a Position Table and a Storage Area. The element to be 
unpacked is programmatically transferred to the accumulator from the receive buffer. The last two digits 
in the accumulator make up the data element code that directs the microstring to a position table which 
in turn determines the particular word of the storage area to transfer the item to. 


2.20.02 POSITION TABLE 


The position table must occupy words 11-14. Its function is to determine whether or not the contents 
of the accumulator will be transferred to the storage area and if so, into which word. Each word of the 
table contains 8 hexadecimal indicator codes, ending in digit positions 0, 2, 4, 6, 8, 10, 12, 14 
respectively. 


Digit Position 
Word II 


In the position table, each indicator code is referenced by its least significant digit position. For 
instance, the code in digit position 4 and 5 is referenced by a 4; the code in digits 2 and 3 is referenced 
by the 2; etc. There are three different types of codes: 


1. A code that indicates which word of the storage area the data is to be transferred to. In the 
diagram, indicator code 6 (the two digit values in digit position 6 and 7) would cause the data 
to be transferred to word 4 of the storage area. Indicator code 8 would transfer the data to 
word 10 of the storage area. — 


2. FF is a code that indicates the numeric data transmitted to the TC is invalid. The Special (S) 
flag of the accumulator is set by this code. FF would be most useful when first developing 
and debugging the on-line system. 


3. A code of EE indicates that the data in the accumulator is to be ignored. If the central processor 
sends a fixed format message to all remotes, some of the fields in that message may pertain to 
only certain remotes and should be ignored by all others. In this type situation, the EE code 
proves to be most helpful. 


2.20.03 DATA ELEMENT CODES 


After the data element is transferred to the accumulator from the buffer, the last two digits, which 
make up the data element code supplied by the data center, are in accumulator digit positions 1 and 0. 
The hexadecimal value in digit position | refers to a particular position table word i.e., actual position 
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table words 11, 12, 13 and 14 are referenced by numbers 0, 1, 2 and 3 respectively. The hexadecimal 
value in digit position 0 of the accumulator indicates which code of the position table word is to be 
accessed. For example, to reference indicator code 2 in word 11 of the position table, a data element 
code of O2 is used. 


2.20.04 STORAGE AREA 


The storage area starts in word 15. Word 1 of the storage area would be word 15; 2, word 16, etc. The 
number of areas used in the program is determined by the programmer, up to a maximum of 32 areas 
or words. 7 

2.20. 05 ERROR CONDITIONS 


If the microstring detects an error the data will not be stored and the accumulator S flag will be set. 
The following will result in an error condition: 


1. The word designation given in accumulator digit position 1 for the position table is other than 
O, 1, 2 or 3. 


2. The digit designation given in accumulator digit position O of the word in the position table is | 
other than 0, 2, 4, 6, 8, A, C, or E. 
3. An illegal indicator code in the position table. The only valid entries are FF, EE and 
hexadecimal values 1 to 20. 
2.20.06 DELIMITER 


The delimiter is a character transmitted to the TC which is used to determine the status of the message _ 
being transmitted. For example, DC1 may indicate the end of a print line; DC2 may indicate the end of — 
a buffer but not the end of a message; ETX is used to indicate the end of a message. Each delimiter will 
set its appropriate K or Y flags. 


2.20.07 ‘PROGRAMING REQUIREMENTS 


The instruction B40B accesses the unpacking routine. The data element is transferred to the accumulator » 
from the buffer by the application program. 


Also, the K and Y flags must be reset by the programmer for each data element, since delimiters which 
set the flags are used to indicate when to stop unpacking and begin to print the message. The following 
group of instructions demonstrate how the message unpacking routine is used. 


SYM OP A B Cc 


LOC. CODE PAR PAR PAR REMARKS 
NEWFLD RST kK |. RESET K FLAGS BEFORE MOVING DATA TO THE 
ACCUMULATOR. 

TRBA 15 

CODE B40B | ACCESS UNPACKING ROUTINE. 

EX A S 1 CHECK FOR INVALID DATA ELEMENT CODE. 

BRU ERROR 

SK K 1 1 IF K1 IS SET UNPACKING IS FINISHED. 

BRU _NEWFLD NOT SET SO CONTINUE UNPACKING. 


(PRINT ROUTINES) 


When Srnting from the storage area, it is necessary to examine each worl to detemmine whether or not 
it contains a numeric value. If an area does contain numeric information, it should be cleared by the 


programmer after printing. 


2.20.04 


2.21 — TRANSACTION CODE TRANSLATOR 
2.21.01 GENERAL DESCRIPTION 


The Transaction Code Translator is a Firmware Add-On Micro string used for interpreting typewriter 
keyboard depressions. As a result, a 2-character abbreviation is stored in memory for printing and a 
transaction code is stored in a designated location of the Accumulator for transmission to the Data 
Center. The 2-character abbreviation and the transaction code and its location in the accumulator are 
determined by a table which is stored in main memory. The Translation table can be of any length; 


however, it must be located entirely within block 0 (words 0-255). 


The Transaction Code Translator also provides for the automatic insertion of a predetermined (modular) 
2-character abbreviation and transaction code when a key is not depressed in Row 2 of the typewriter 
keyboard. 


The Transaction Code Translator is primarily designed for use with the TC 700 in a financial application 
environment. However, versions of the Transaction Code Translator are available which are compatible 
with most GP 300 firmware sets. 


2.21.02 TRANSLATION TABLE FORMAT: 


a. Work Area 
The First five words of the table are reserved as a work area and must be located entirely 
within a Track in Block 0 (words 0-31 of a track). The Five word work area is used in the 
following manner: 


Word 0: The First word of the table must contain the keyboard codes before executing the 
Translation instruction. (Maximum of 4 codes, one for each typewriter keyboard 
row.) 


Words 1-4: After executing the instruction the 2-character abbreviation for the key depressed is 
stored in the 4 high order positions of words 1-4 of the 5-word work area. The 
exact location of the abbreviation is determined by a code stored in the Translation 
Table entry for the key depressed. (See factor 4 below). 


One key from each row can be translated each time the instruction is executed; 
Multiple key depressions in the same row will cause an error condition. 


b. Translation Area: 
The Translation area of the table must immediately follow the work area and it can be of any 
length depending on the number of key codes being translated. Each word in the translation 
area contains the factors necessary for translating 2 keyboard characters. These factors are as 
follows: 


1.  2-digit hexadecimal USASCII value for key indexed. 
2. 4-digit hexadecimal USASCII value of the 2-character abbreviation to be printed. 


3. One-digit hexadecimal value (0-F) of transaction code to be stored in the accumu- 
lator for later transmission to the data center. 7 


4. One-digit decimal value (0-3) representing the Accumulator digit position where the 
transaction code is to be stored and the location in the work area where the 
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abbreviation codes are stored. The location of the abbreviation code in the work area can be determined 
by the following chart. 


FACTOR 4 | ACCUMULATION ABBREVIATION 


VALUE DIGIT POSITION TABLE LOCATION 
0 0 | 1 
1. 1 2 
2 2 7 3 
3 3 4 


The above factors are located within a table word in the following manner: 


Character 1 _ Character 2 
Digit Position 15 14 13 12_—C dtl 10 (9 8 76 §hUmUKhUCUC hI CO 
Factor No. 9) 1 4 3 ) ] 4 3 
(See Above) 
Example: 
Character 1 7 Character 2 
Digit Positions 15 14 13 12 11 10 9 8 7 6 5 4 3 2 «4 
Table Entry 4 4 8 4 S Lh G2 wwe 2S Be 
Value E H E 12 S T wo2: 
Factor No. 2 1 4 3 2 1 4 
Character 1 Character 2 
Key Depressed E | W 
Stored For Print EH | ST 
Transaction Code 2 3 


Digit Position in Accum. 


The last entry in the translation table must be OOOOFFOO. Upon recognizing an FF code, the 
search routine halts and the results can be processed by the user program. 


The microstring searches the table sequentially beginning with the character stored in digit 
position 15-8 of the first table entry following the work area. The table entries can be in any 
order within the table. However, since the microstring searches sequentially, the most 
frequently used entries should be at the beginning of the table. | | 


2.21.03 AUTOMATIC CODES 


The Transaction Code Translator instruction will automatically insert an SV abbreviation into word 4 of 
the work area and a transaction code of 1 into Accumulator digit position 3, when a typewriter key in 
row 2 is not depressed. Also, when a typewriter key in row 4 is not depressed a transaction code of 9 is 
2.21.03 


TCT 


stored in Accumulator digit position 1. An automatic abbreviation is not provided. These automatic 
abbreviations and the transaction codes can be modified as required by the application. 


The values which determine what abbreviation and/or transaction codes are to be generated in the 
absence of a key depression in Row 2 and/or Row 4 (Transaction Code only), are stored within the 
instruction microstring. Hence, care must be taken to ensure that only the desired values in the 
microstring are modified. 


Since the instruction microstring will be located in various tracks depending on which main memory 
firmware set is implemented, all memory locations are relative to the base word of the track (first word 
of the track) in which the microstring is stored. The microstring is stored in the highest available track 
provided by the main memory firmware set being utilized. 


2.21.04 CODE MODIFICATION 


Modification of the various “automatic” codes is accomplished by changing the desired codes using the 
Memory Modify utility and then punching out the modified firmware using one of the Memory Punch 
utility routines. 


The bit configuration of the desired abbreviation characters to be printed is determined by each 
character’s row (upper bits) and column (lower bits) location in the USASCII chart. The abbreviation 
characters are stored in memory in the following manner. (Addresses are relative to the base address of 
the microstring). 

Ist Print Character 

1. The lower 4 bits of the first print character are stored in digit position 6 of word 3. 


2. The upper 4 bits of the first print characters are stored in digit position 14 of word 3. 


2nd Print Character | 
1. The lower 4 bits of the second print character are stored in digit position 10 of word 5. 


2. The upper 4 bits of the second print character are stored in digit position 2 of word 6. 


The transaction code which is stored in the Accumulator when a key in row 2 is not depressed is 
located in digit position 6 of word 24. 


The transaction code which is stored in the accumulator when a key in row 4 is not depressed is located 
in digit position 10 of word 31. 


Example: The Firmware configuration used is: 


Main Memory 2-1021-001 | (384 words of user memory), CDC-CDV Firmware Add-On. 
Using this configuration, the transaction code translator microstring would be in words 
320-351 (Block 1, Track 2). The base word of the microstring is word 320. (CDC-CDV 
would occupy words 352 to 383). 


The automatic abbreviation to be printed is DR and a transaction code of 4 is to be inserted 
in the Accumulator. The keyboard row 4 automatic transaction code is to remain the same 


iD), 
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USASCII Column and Row locations are: 
D=44  R=5,4. 


The u upper er lower digits af the first print sharactee (D) are stored in ota 3 digit sGeition 
14 & 6 respectfully of the microstring. The actual memory location is word 323. ay word 
is 320 + 3 = 323). : 


The panvout of the TC using Memory Modify would be as follows: 


323 2 5|A2 4FE2 . F {3 |E2 | CC38 14 4A24FE2F4 
21/4);A2 4FE2 FI4/E2 CC38 | 
The lower digit (4) of the second print character (R) is located in word 5 digit position 10 
(word 325) 


Printout: 
325 40E2 ~~ 8|6]/E2 AAI6 9F5B 10 4 
40E2 8 (4]E2 AAI6 9F5B 
The upper digit (5) of the seeond print character (R) is storaned in word 6 digit position 2. 
(word 326) | 
Printout: 
326 §©6967F14 A140 B1E1 D|5 Ad 2 5 
71F 14 A140 B1E1 D|5|A2 


The Row 2 transaction code is located in word 24 digit position 6. (word 344) 


Printout: 


344 235B 5042 3/1]E2 9751 6 4 
235B 5042, 3 |4|E2 9751 | 
When the modification of the microstring is complete, the new microstring is punched out 
using one of the Memory Punch utility routines. It is recommended that all firmware 
extensions which are used in an installation be incorporated on one tape with the main 


memory firmware set. In the above example this would be accomplished by punching words 
320-575 and words 608-1023. 


2.21.05 ERROR CONDITIONS 


The Transaction Code Translator instruction will detect the following two types of errors. 
1. No Table entry forthe keyboard character depressed. 


2. Multiple depressions on the same typewriter keyboard row. 
When one of the above errors is detected, the instruction will set all of the accumulator flags. 


2.21.05 


2.21.06 MACHINE CODE FOR TRANSACTION CODE TRANSLATION INSTRUCTION 


This instruction is executed by using a machine language code of 104A. This machine language code is 
incorporated into the object program by use of a CODE psuedo instruction with an A parameter value 


of 104A. 


2.21.07 WORD 576 


Word 576 of the utility track is used as a link address between the MACRO instruction (104A) and the 
microstring. Since the location of the microstring is variable, the content of word 576 will also vary 
depending on the location of the microstring. The content of word 576 for the various possible 
locations of the microstring can be determined by the following chart. 


MICROSTRING LOCATION CONTENTS OF WORD 

BLOCK 576 
l @) F244 0000 31F1 0000 
| 1 F344 0000 31F1 0000 
l 2 F254 0000 31F1 0000 
l 3 F354 0000 31F1 0000 
l 4 F264 0000 31F1 0000 
l 5 F364 0000 31F1 0000 
l 6 F274 0000 31F1 0000 
l 7 F374 0000 31F1 Q000 


2.21.08 USER PROGRAM REQUIREMENTS 


l. 


Set word 576 during the initialize portion of the user program. 


In addition to one track in user memory, the Transaction Code Translator also uses Syllables 1 
and 3 of Word 576. Since various Utility Routines also use word 576, the User Program 
should set word 576 during the initialize phase of the program. 


Clear words 1 and 3 of the work area. These words must be cleared prior to executing the 
microstring to ensure that the abbreviation codes from the previous entry are not printed 
twice. Words 2 and 4 of the table are cleared automatically. 


Set the keyboard base register (LKBR) to the first word of the work area and enter the 
keyboard codes to be translated into the first word of the work area using the EAM macro 
instruction. 


Execute the Translation Instructions: | (Code 104A). 


NOTE: The Code 104A _ instruction MUST be executed immediately after the EAM 
instruction. | : 


Test for an error condtion (all Accumulator flags set) immediately after executing the 


instruction. 


Set the LKBR to the Send Buffer or Work area. Revised 3-29-71 by 
PCN 1045481-001 2.21.08 


7. Transfer the transaction codes stored in Accumulator into the send buffer or send record area. 


8. Print the abbreviation codes stored in words 1-4 of the work area. 


2.21.09 PROGRAMING EXAMPLE 


Transaction Code Translator could be incorporated into the user Program and utilized in the following 


manner. 
LABEL 
INITIL 


TABLE 


START 
TRANS 


2.21.09 


on 
MCHTOT | 
OFLNTT 
PMASKS _ 
PKEYS 


START 


REMARKS 


CLR DAILY TOTAL 
CLR OFF-LINE TOTAL 
LD PRT MASK REGISTER 
LD PK REGISTER 


THE FOLLOWING TABLE IS USED BY THE 
MICRO-STRING TO TRANSLATE KEYBOARD 


ENTRIES. | | 


5 WORD WORK AREA | 
KB=A, TRANS CODE = 4 COL 3 
ABBV = MO | 
KB = 1, TRANS CODE = 1 COL 0 
ABBV = 1 — 
KB = U, TRANS CODE = 7 COL 2 
ABBV = TR 7 


KB = F, TRANS CODE = 7 COL 3 


ABBV = SS 


END OF 
TABLE | 
ENABLE PK KEYS 


SET BASE REG POINTER TO TABLE 
CLEAR WORK WORD 1 

CLEAR WORK WORD 3 

ENTER KEYBOARD CODES 
TRANSLATE CODES 


TEST FOR INVALID ENTRY 


SIGNAL OPERATOR 


LABEL 


MCHTOT 
OFLNTT 
PKEYS 


TRANS 
SENBUF 
3 


+3 


+4 


REMARKS 


BRANCH TO RE ENTER 
SET SCP TO SENBUF 
STORE TRANSACTION CODE 
ALIGN FOR M | 
POSITION PRINTER 
PRINT ABBREVIATION 1 
POSITION PRINTER 
PRINT ABBV 2 
POSITION PRINTER 
PRINT ABBV 3 
POSITION PRINTER 
PRINT ABBV 4 

DAILY TOTAL 

OFF LINE TOTAL 

PK 1-TO PROCESS MSG 


TO TRANSMIT MSG 
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SECTION 
SYMBOLIC PROGRAMING PROCEDURES 


PROGRAM DEFINITION 


A program definition is a set of specifications used for the efficient development of the application 
software needed for a machine-oriented data processing system. The program definition procedure is: 


1. Systems Analysis. 
Defining the output. 
Defining the processing. 
Defining the input. 


Evaluating the system and, 


Nn fF WwW Ww 


Defining for programing — or — reanalyzing and repeating the procedure. 


When the program definition procedure is used to design an acceptable system, the system specifications 
are recorded in the form of: 


1. A general systems flow chart of the complete data processing system. 


2. Completed Program Definition Worksheets, MKTG 2366, illustrating the required output from 
each program in the system. | 


3. Complete Program Definition Charts, MKTG 2402, explaining the input, processing, and 
output requirements of each program in the system. 


The necessary applicational software will then be developed from this information. 
PROGRAM WRITING 


After the program definition specifications are completed and given to the programmer, the process of 
writing the program begins. 


The first step the programmer should take, is to thoroughly analyze the program definition 
specifications. This will serve two basic purposes. First, it will enable the programmer to ask questions 
about any area or steps in the definition, that are unclear. This can save later reprograming on steps the 
programmer incorrectly understood. Second, it will give the programmer an opportunity to develop a 
general idea of what the program will contain when completed, how much memory it is going to take 
(this evaluation becomes more accurate with experience) and to look for possible use of any routines, 
already written, which can be used in the program. 


After the definition is thoroughly analyzed and all questions answered, the writing of symbolic 
instruction begins. 


Every program generally has three separate sections, initialize, main body, and definition section. Coding 
forms should be set aside for each section. This enables the programmer to add pages to any section 
without interrupting the order. 


An explanation of each section using the programing example in Section 4 follows. 
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The initialize portion of a program is generally the shortest portion of a program (in terms of numbers 
of instructions). In its narrowest sense, this portion will be executed before an NK or TK instruction, 
halts the internal program execution for the first operator action. In the example Seq. No.’s 20, 30, 40 
loads the base register for the PK table, the print mask table, and the line limit register for the form 
being used in the machine. Even though its instructions are few in number, without them the 
programmer could not control the program. For example program execution stops at Seq. 90, if the 
operator selected PKA 5 without having the LPKR instruction at Seg. No. 20, the base register for the 
PK Table would contain the word number for the LPKR instruction of the previous program in the 
machine. Therefore selecting PKA 5 would not have caused the execution of the BRU INCOST 
instruction. | | 


A broader description of the initialize section would be to include routines in the program which are 
not part of the main program. Seq. steps 1 through 5 on the Program Definition Chart in Section 4 
could be included under this broader definition. These sequence steps are not -concerned with the 
mainline function, i.e., creating the invoice, but rather prepare the system for invoice writing. 


The second section of a program, the main body, is the area of the program which accomplishes the 
task assigned to the program. In the programing example, sequence steps 6 through 32, are concerned 
with creating an invoice. Each sequence step should be completely programed before going to the next. 
In the example, sequence steps 8 through 14, are accomplished by Sequence Numbers 430 to 570. Since 
these sequence steps are concerned with the ribbon line on the invoice, the programmer has labeled 
Sequence No. 430 RIBBON. The use of descriptive labels gives the program added readability. This 
enables others who read the program documentation to follow the logic with a better understanding. 
Using the REMARKS field on each instruction to explain the purpose of the instruction also increases 
the readability of a program. These comments in the REMARKS field also help the programmer when 
debugging the program. 


While programing the sequence steps from the Program Definition Chart, the programmer will generally 
make use of three techniques, straight line, loops, and subroutines. The straight line method is exactly as 
its name implies, it is a series of instructions, without any branches which solves the given problem. 
Sequence numbers 110 through 230 are an example of this method. This sequence accomplishes the task 
of storing the page number, positioning the printer, printing the customer name, storing it, advancing 
the form, etc., without the use of loops or subroutines. The looping technique uses a counter to execute 
the same series of instructions a desired number of times. The routine which clears 11 words of memory 
labeled CLRMEN uses the looping technique. An index register value is incremented each time the loop 
is executed, up to a maximum number of times, when this limit is reached the program branches out of 
the loop. The subroutine technique is like the straight line method except that in the series of 
instructions we branch out to execute another series of instructions and when finished with these the 
program returns to the instruction following where we left the series. This allows writing a routine, 
which is to be executed a number of times during a program, only once; and going to it any time and 
returning to where it branched from. An example is sequence number 560 where we leave the straight 
line to print the date and invoice number and when finished, return to sequence number 570. 


The last section of the program, the define section, is actually written along with the initialize and main 
body. This area contains all PK Tables, Print Masks, storage regions, numeric constants, alpha constants, 
etc. An example of how this section is completed would be to look at Sequence Number 30. The LPNR 
instruction has in its A parameter the label MASKTB. Right after this instruction is written, the 
programmer codes the first MASK instruction with the label MASKTB in the definition section. This 
process is repeated for all storage locations, numeric constants, alpha descriptions, etc., as the program is 
written. 7 


3-2 


After the program is written, the last step is to assemble it and debug the program when it is loaded in 
the machine. 


PROGRAM DEBUGGING 


Generally, program debugging is completed in two steps. The first step is to correct Assembler errors, 
these are invalid conditions which the Assembler finds in the symbolic instructions, these errors are 
corrected by removing the invalid conditions in the symbolic instructions. The second step is to find the 
logic errors, i.e., areas of the program which are not giving the desired results. 


When the Assembler detects an error in the source program, the invalid instruction is replaced by a 
NO-OP instruction. Thus the object program contains the correct instructions and the Assembler inserted 
NO-OP’s. It is possible to load the object program and replace the NO-OP’s with the correct machine 
language code for the desired instruction, through the use of the Memory Modify service routine. 


Logic errors can be found by analyzing the sequence of instructions or by using one of three available 
Trace service routines. When a logic error is found, its proposed solution should be tested before 
te-assembly. This is accomplished by inserting the appropriate machine language codes for the symbolics 
in place of the incorrect codes. If the new solution cannot be placed within the area of the incorrect 
codes, a branching out of that area to an area not used by the program (usually starting at the word 
location following the last word of the program) placing the rest of codes and then branching back into 
the program at the appropriate place. If the new solution is correct, then it can be written in symbolics 
and inserted in the program before re-assembly. Once debugging is completed, the corrected program can 
be obtained, by the Punch from Memoty service routine. 


As mentioned before, during debugging the Trace routines will sometimes be used. In general they are 
useful for (1) reading the program execution sequence (especially for conditional branches), (2) to check 
when the flags are being set or reset, (3) to read the values of the index registers (especially when used 
as counters in loops), (4)to read the value in the Accumulator (to debug shift and arithmetic 
instructions). 


DATA COMM DEBUGGING 


Debugging a TC 500 on-line program can be expensive if a central processor remains on demand while 
the TC 500 operator is detecting and correcting errors on the TC. It is possible to debug off-line by 
using the memory modify utility routine, especially the selective start feature. 


The first word of the receive buffer in Data Comm Memory is located in word 1247. The second word 
is 1216 and the remaining words follow serially to word 1246. Knowing this, it is possible to access 
these words using memory modify and index from the keyboard the USASCII code representation of 
the characters of any message the operator is anticipating, thus doing the work of data comm memory 
by placing the message in the receive buffer. Then, using the selective start feature of memory modify, 
access the word and syllable of the instruction immediately after the receive flag (R2) has been 
interrogated and determined to be set. The object program will begin executing from that word and 
syllable. This routine allows the operator to proceed as if a message had been received from the central 
processor and allows testing of those parts of the object program that unpack messages. 


Likewise, the transmission of messages can be tested off-line. The first word of the transmit buffer is 
located in word 1249 and the next 30 words proceed serially to word 1279. The last word is 1248. 
After programmatically packing a message into the transmit buffer, the operator should depress the 
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‘program | halt button after the transmit sendy: flag (R3) is set (evidenced _ the transmit ready light 
being on) and then use memory mouny to read these words and determine if the message was assembled 


in the butter correctly. | 


The word locations of transmit or receive record work areas are Aeemsed ieee the Assembler sad would 
be accessed accordingly. 


MODIFICATIONS NECESSARY TO THIS MANUAL FOR PROGRAMING 
THE 40 TRACK STYLE SERIES L 


Previously presented information in this manual applies only to 32 Track Styles of the Series L except 


for Assembler VI which utilizes the 40 track styles of the Series L. This section details all the additional 
information needed to utilize this assembler manual when programing the Extended Memory Styles. 
Styles. 


| An object program which was assembled for a 32 track system will operate on a 40 track. system using 
40 track firmware, except for the REM instruction. An object program which was assembled for a 40 
track system will operate only on a 40 track system. 


GP 300 OPERATION CODE MODIFICATIONS 


Forty face systems allow the use of any GP 300 instruction seine in this ania syeeuk: for die 


Data Communications Message Handling instructions. All user memory may contain program data or any 
other desired data. However, certain instructions do not permit referencing memory locations above 
word 511. These instructions are listed in Table 1 below: % | 


INSTRUCTIONS ~—s| = 


Table 1 


Instructions which only can reference words 0 to 511 of user memory 


It is essential that the instructions contained in Table 1 be borne in mind when moving or accumulating 
data in memory. Generally, the machine language codes are the same for either 32 track or 40 track 
systems. Examine eoRenen, B, for the machine language codes of both 32 track and 40 track systems. 


PROGRAMING CONSIDERATIONS 


Due to the fact that some instructions cannot reference user memory locations above word 511, it is 
necessary that all constant data and working data be assembled in memory locations below word 511.. 
The remaining memory is then used for program instructions. 
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SYMBOLIC 
PROGRAMING PROCEDURES 


The following example illustrates a generally used programing principle 


Example: 


The three rectangles above illustrate a technique to have the working and storage area of the program 
assembled below memory word 511. 


Rectangle 1 represents word O. The first three syllables (0, 1, 2) contain programing. Syllable 4 contains 
a branch around rectangle 2 to rectangle 3. | 
Rectangle 2 contains the working-storage area. 


Rectangle 3 contains further programing as required for data manipulation. 


The following sample program illustrates the technique described above. 


LABEL OP CODE AL B- Cc 

LLLR 35 
LRLR 15 
LPKR PKEYS 
BRU BEGIN 

TOTALS REG 200 

ZERO NUM Oo 

STORE REG 150 

- BEGIN NK 5 


With the expanded memory size it may become necessary to clear a memory area larger than 255 words. 


This cannot be accomplished, easily, in a single loop since Index Registers have a maximum value of 
200. 
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- §SYMBOLIC | 
PROGRAMING PROCEDURES 


The following technique is recommended: - 


_ OP CODE 


~LIR 


MOD 
CLM 
MOD 


CLM 


IIR 
SK 
BRU 


A +/— INCREMENT Be . , oe 2 

l 0 

1 

TOTAL 

l | 

TOTAL + 200 © 7 

l 199° 

T Dy | 
— 6 


The above programing clears 400 words of memory beginning with the word number referenced by 
TOTAL. . | | | 


Example: 


This example illustrates a method to reference an array of memory larger than 255 words. Controlling 
such an array of memory must be accomplished by examining the indexing value and changing the base 
address for values over 255. 


Problem: Accumulate sales by 500 product codes (in words 1 to 500). 


The programing segment below utilizes the fact that Index Registers have a capacity of 255. When a 
value transferred to an Index Register exceeds 255, only the difference between that value and 256 
remains in the Index Register. | a 


TOTAL 1 
TOTAL 2: 


LABEL 


BEGIN 


OP CODE 


SRJ 


LPNR 


BRU 
REG 


REG 


AL 
POS 


NK 


SKL 


ALARM 


BRU 


_ TRM 


PN 


POS 


NKR 


-PNS- 
TRM 


TRA 


TAIR 


AL iB 26. REMARKS 

CLEAR 

PMASKS 
~ BEGIN 

255 

245 

1 
10 

3 0 Enter Product Code _ 

2 5 2 ‘Valid Code 0-499 

a 3 

CODE > | Store Valid Code 
2. . 0. Print Code 
16 _ Pe 4 

8 0. | , Enter Amount 

(a a 1. Print Amount 
AMOUNT | Store Amount 
CODE - = 2 - 


oe] 


LABEL 


OP CODE 


SUA 
EX 

TRA 
MOD 
ADM 


BRU 
TAIR 
TRA 
MOD 
ADM 
BRU 


= 

LIMIT 

A 
AMOUNT 
TOTAL | 


BEGIN 

l 
AMOUNT 
| 

TOTAL 2 
BEGIN 


SYMBOLIC 


PROGRAMING PROCEDURES 


REMARKS 
Compare Code to 256 


Under 256 


Reset I.R. 


Use Base of 257 
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SECTION 
GP 300 PROGRAMING EXAMPLE 


PROBLEM 


Examine the Program Definition Chart and Worksheet located on pages 4-3 through 4-6. 


SOLUTION 


The proposed solution is located from page 4-7 to page 4-32. 


SOLUTION INDEX 


General Systems Flowchart ............cccscccssscccceecceceessceees piecudeaaeeees Bate acer: 4-2 
Program Definition Worksheet..................cccsssccssccccsssccsssccsssscssssccseessersccceesseees 423 
Program Definition CHATts ......seeererrerssererreeseeesetees ede roscus osdshutaseoeiasoees: 4-4 
Sample: COGS POLS inc ect sr cnasecousess sauccanisceeddesdes sedeseaciseaseesayeneosaniss spdatistetechitl 4-7 
Assemoler Hl Procraim: Lasting asssessisinceeny costes secveevadealel sais ica aed Aas 4-33 
Sample Output..............0060 ioceraaceens i apduemeatbuneed tesa cee oeaet geplusteuspncesacnseseaeesmeaoete: 4-69 


Cross Reference between Assembler III Output and 
Propram De lini tion: Chart ascpesspavsinsiaeecatalotedensudcetstescanitiacvineeeentatuiess 4-70 


Al 
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SAMPLE BILLING PROGRAM 


GENERAL SYSTEMS FLOWCHART 
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16 


15.5 


15 


14.5 


14 


13.5 


13 
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9.5 


8.5 


7.5 


6.5 


5.5 


4.5 


3.5 


2.5 


15 
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ty INPUT SOURCE " OUTPUT DETAIL 
DATA DESCRIPTION FIELD DEFINITION Specify MB, OCK, PK, etc., only PROCESSING REQUIREMENTS P FIELD DEFINITION | Print: Specify Printer and Format 
OR i icular one required; ions: . | Console (CP),, Line Printer (LP): 
OPERATION . : 


Punch: Specify Adjunct, Format, 
Special codes, etc.; 


Striped Ledger: 
Data Com Transmit. 


Formatting for output. 


KB ~— _|ENABLE °c*,*m" KEYS | 
pee  JDISPLAY EITHER CENTS. 
eee . JOR CENTS AND MILLS 
_... .__| PROVIDE TEST TO SELECT 
. .....{MIASK AND: : AR ad 


ORDINGLY 


NZO—ANOCVBDAVZ— 


eee 


| of 


Hanne 
coor 


e 
ry 
o 


OMATIC PRINT 


> 


__ KB... |SCALE AT 99.99 £1. 
_ M_..._.__JNET =@ROSS -~LDISCOUNT*GROSQY|_- 


OTT eT Tel tit TT 
ee ee 


CENTS OR CENTS AND MILLS |! . 


_M  ____ cost=CosT PRICEXQUANTITY|yv7) 


eee aL ees elle ih gee 
ce 3 
=r 


EBLELER EBT or 


ae I 


JIB EE ee 


CCRT ERT BT 
Peeer rer rrr 


eee ee 
FF 3] 6) | 
a4 
a 
: | | | 
1 
a 
| 
NAAN ia N 


ee 5 a a aes 
711717 7" °° <) PROGRAM DEFINITION CHART 


Printed in U. S. Americe 3-69 


Punch: Specify Adjunct, Format, 
Special codes, etc.; 


Print: Specify Printer and Format 
Console (CP),, Line Printer (LP): 


OUTPUT DETAIL - 


OTAL =SUBTOT! 


JCOST | 


Memory (M); Date Com Receive. 


apaie $____—_+-|-—____ PROCESSING >} oureur —_———_———| 


Jar<z>Swe-02 


DATA DESCRIPTION | 
OR 
OPERATION 


—20-E Dur-oZ0 zo] | 


p : Label 
: rr 
Hu \¢ 
95 By 3 
A Shs se 
HW) 2: 


\ 


ALLOW FOR INDEFINI’ 


Li 


j 
} 
| 

| | 

— 

: 

i i 

} F 

y { 

f i 

ot | 

| | 


aeons 
Ut Seeeeur uae SeeususeUeUeRRRSESETl 
i PARE Ee SERRE REE SER EGRESS. 
TT SSS 


N 
BRANCH ___ DATE 


ooo a sannneneEee a 


PROGRAM DEFINITION CHART 


1040060 


B) pr 


ce] 


= 
< 
oO 


ad 


LESMAN 
Printed in U. S. America 


CUSTOMER 
“EQUIPMENT 


BURROUGHS ASSEMBLER CODING FORM _ pace | or BO 


CUSTOMER 
[ss] 7] 8|9 {10] | 
_ BRANCH 
Slap ile | | 
PROGRAMMER 


ODE} 


| SEQUENCE | 


= 
> 
fos] 
m 
as 
> 
ss 
> 
coe] 
m 
e 
oli 
(ome) 
™“S ® 
a | 
m 
r 


SSA AS 


ener 
gene 
Peres 
eeere 
Pia NAB 
fneee 
iia | 
Viator. 


am, 


tit N HO GRA 
ere 


JE 
~~ 
WwW. 
7 
a 
= 
& 
. 

NT 
8 
Ew 
J 


52+] 67] seo] eae sere en} 72] rel 5/7] 7 
Bi AI: » “hb : 


a, ° - —— 


e 
A) 


2 
& 


\ Nu PIA PA iN 


& 
® 


NS) 


ee 
| § 
| LZ | 
, > 


ye 
Ss 
7 


NU Lf 


= 
oe 


OO CO 
Cr One On ® 
LA RS WA VA UJ Pr 
LAS | A) | y, x RS 
KGa B 7 
AS Cy US 


: 


\e 
C 

Bp 

iC 


- 
B 
Bs 
vy, 
) 


& 
UJ 
cS 


»& 
oe 
I MO fO FO 


>, ¥ 
' ! Ff , 
B , 
AS ) 
A tl 
' Be. i j 
; » 
. \ 
' i Pa 
9 ’ 


OO Pn 
@e 
{) | 


: A IN N 


s 
Ld 

@ 
@ 


es 
® 


CONSTANT DATA (NUMERIC) 
ALPHANUMERIC DATA OR PRINT MASK i 


ida cll dl ell cl ad 


; 
| 


PPFEEEEE 


FORM MKTG - 2296 (7/68) 


Elf) cl cdl bd 


8p 


: 
ie 


BURROUGHS ASSEMBLER CODING FORM pace or _ CO 


PROGRAM ID | CUSTOMER 


|| 6| 7] @]/9 j10 


stale BRANCH 
MPILLE! ae | 
; PARAMETER _— PROGRAMMER 


+ OR- 
= [we [ithe || a 
GOCRCe OT aoe paneniecg> a0 ba scuc pada tagerocecouaedaceadedaaaasoa0a! TEE 


=il™ Tn 2, 


AS 
¥ 
ww 


ae RIE Gl ER 


i = £' mati 


pe 
a 
S 
v 
© 


Nu 


i? Va 
(s \, 
So 
(o>) 
one 


CEe 


| 


C) 


PO 
OC 


S 


B 

S 

5S 

iS 

Wa 
ze, oy 


® 


)0O 

4 
e e 
ene 


A 


O 


} 


a N 


BY 
Bt 
Pa 
SS 
Sy 
S 
J 


p> 
| as 
Sy 
A 


CONSTANT DATA ( NUMERIC ) 
ALPHANUMERIC DATA OR PRINT MASK 


14 2434495 16 ]7 8,9 10 ]11,12)13 “Ie 18 19 | 20421 22423 24 | 


bl al en el cl a ll bd 


PRINTED IN U S. AMERICA FORM MKTG - 2296 (7/66) 


6-1 


BURROUGHS ASSEMBLER CODING FORM pace 9 or_@ & 


- PROGRAM 1D 


CUSTOMER 
pogood 
_ BRANCH 
SAMPLE | 
[Faraweren pecans 
A re = 


+ OR - 
INC/REL 


OVC ah ell eee ele ll a cae eee 
13.0.0 NMabe ote} 


ee? (7) 


cong SEQUENCE ‘LABEL OP. CODE GTH LABEL 


4 (_\ 


R 
J 
LAS 
| A 
i 


| 103.020 1111. aw 1a | Same a HAL MES SAG i 
| oto 30R i BBONALTS | Ree |. ti | fa ADVANCE 112 RLBBON itNE 1. | 
| 1a5.0,40 Pes. ti meRm-Pl. i {iii | POS LTLON TG TERMS 1 1 a a | 
| 10.3.0, 510 pee eee ee ee ae RY 
03.016.0 POs. 1, Ronee]. | iii | Pg ON, TH SROER NB 
| losio7.e TK 11 | lie rere Pere PE ORDER Nz 
| 3.0.8.0 POS. 1 | Oy ee ro g BN Tie AMER NG 
| 510.90 TK tO tt | 
POS. | 1B = 
Ti a | a a | - 


eae 
Peee 
reve 
Pare 
Seid 
NViCSiT] yy 1 
rane 
Pius th 2 
CK NE! 1 1 | 

nats 

rare 


CONSTANT DATA (NUMERIC) 
ALPHANUMERIC DATA OR PRINT MASK 


7 8 910 |11412, 13,14] 15 | 16417 y16 19 | 20212223} 24 


15 LHOBODYLVISRT 
eS 


y, 
ry, 
i 
< 


Ni 
DNGREMENT 8 CHECK LilNiE CTI 
\ 


es 


¥. 
B 
Pa 
y 
< 
Be 


o 
& 


PRINTEO IN U S. AMERICA FORM MKTG - 2296 (7/68) 


OI-v 


|cope] sequence |. LABEL oP. cope. | GTH LABEL + OR | REMARKS 


LA [ss] 2591s fis] |} a [as as a2] | 32 ao [a7] 0 oa] a |e 7 0 oso |] 7] o> [a a ees fo] 0] ofr fr [re] 7 
: ee " wae 
[ cee iN Ei 


BURROUGHS ASSEMBLER CODING FORM pace_ _oor_ 2 © 


PROGRAM ID | CUSTOMER 
HOUOOD 
: BRANCH 
PROGRAMMER 
es eee ee ae 


INC/REL 


BEIGT IN: iCi@initi Ty AT LON: iPiA 


ZiUin LAG 


| lo4ond 11.4 (SR 


lo4020 iii ST | 


a 


Bi 

‘ 
i 
w 
t° 


Nob rN ey DHAUN: 1.5 OMO 


4 
LS 
¥ 
y, 
2 
‘ 


5 | 
my & 
PEE 


LAS 
ws 
v 


; 

C Ls 

B 
> 


uu 
SS 


CONSTANT DATA (NUMERIC) 
ALPHANUMERIC DATA OR PRINT MASK 


7 18,910 |11,12, 13,14] 5 | 1611716 19 |20)21 22423) 24 


Bada 


PRINTED IN U S. AMERICA | FORM MK TG:- 2296 (7/68) 


II 


sak Qa 
oe ap ap. he ee eh we Ah [ike eee le peed 
wu 


BURROUGHS ASSEMBLER CODING FORM | pace oor 


CUSTOMER 


[Prema 
| §| 6] 7/8 {9 [10] an 


SIAIMPILE 


a eE PERE oF EEPEPPEEEEEEPEEEE ERE 
| BR DSC BK NG Di 


(ome) 
™“~ @® 
2 

\ 
r 


Ree Us 1 eee eee eee 


x. 
cont 
® 
rr 
N 
Ea 
WwW 
ED 
Ni 


eves 


d 
ii 


@ 
i 
© 
No 

0 


U 
oS 


> IO : (. 
; 
| -— 
OO 2 |0 
| 
S 


B 
N 


— 


P, iC) 
P > 
t 
Wa 
| 0 


2 CO & 
{ i ' 
° aan 
OQ © |}O © 
Ks 
Sg 


A CUMD> am Ce ‘) 7 
mx EK QR Oo XYMnK DBO 
< 


Pee 
eres eee 
PROP rete cows 
Sieosiitiis Priel Jiie. A DLINDIEX PAB 
151 117,0 Asi tii tom, fata BDH 1G iM WSED 
O51 11810 ALARM: |iiiii ti ii tii | tii MARIN PAR ERROR 
05111910 Bau ts MPADGE a tii | fi BRANCH: 1Ti@ DN PIR 
O51 21010 SRT ts otto be | Pi ty emer in ML NIDIELX 


CONSTANT DATA (NUMERIC) | 
ALPHANUMERIC DATA OR PRINT MASK _ 


7 8,910 ]11, 12,1314] 15 | 164171819 |} 20)21)22)23) 24 


sl i lll el ld all lla 


PRINTED IN U S. AMERICA FORM MKTG - 2296 (7/68) 


ZI-b 


NDChCogGceosecaceesenseoss 
Cae z 


BURROUGHS ASSEMBLER CODING FORM | ect ©  o _@6 


‘PROGRAM ID CUSTOMER 
HOBOo | 

: ol ees BRANCH 
SIAMPI IE | 
| PROGRAMMER 


- 
> 
w 
m 
r 
te 4 
(ome) 
ND 
D 

| 
a 


DE] «= SEQUENCE LABEL OP. CODE GTH . 


DOIG OO Sto Nac cascae cao aaaoulaalaaaa 


TEST) EF) MD NiUiS) FL sAié 


BE 


N 


oar ame =) ara ere) area 


6020 sii (ru | MPR BRANCH Tie =X PAB 
Poe (RT | PT PRc PDN T: iSiEbibs PRT Cie: 
EX 1 


OM) D ft 
Ove 
NS 


@ 

6 MD O 
O C | 
S 


) 
6 

=) 
“I 
@ 


4 


is 


Ny 
U 
A 


OO 
U 
Cd 


2 
0 


lm 
C 
) 
oe 


8 O 
@e 
> 


O 
0 


Reece eee Re eee oe 


fn 
s 
6) 


CONSTANT DATA (NUMERIC) 
ALPHANUMERIC DATA OR PRINT MASK 


awe S 
21} 22 [23 2« oss [a7 | ao [21] 32} 29 [24] a5] 6] 27/0 2040 41] 42| 43 [aaa [4s |e7 | a] 29/5051 52 [595s [5657 of [oo 


a Geel ee ae La a 


FORM MKTG - 2296 (7/68) 


PRINTEO tN U S. AMERICA 


€I-v 


BURROUGHS ASSEMBLER CODING FORM 


sys] 7] @]s [ro 
Le 


PARAMETER 


ee 
> 
wD 
m 
> 
eng 
00 
ND 
a 
m 
rc 


DE} 4 SEQUENCE 


ereiers 


on 
oa 
nN 


LABEL OP. CODE | 

FL ft] 2] 13] 14] 1516 | 17] 19 2021 | 223120 |25| 252729] 29 30] 31] 32] 39|26 535 37] 30] 
i inn » (eneas 
| lozotod 1.1, BRU, |. GRSAM 
P lo7020 ys tw 
-Ta70.3.0 


A 4 It} Ral} 


\ Ot 
oOo |o 
on i= 
fo 0 


eo 
Wa 
Py, 


OOOO D DO Co kK 
1 D> | = 
em O | 


& 


| o 


& 
Ss 


CONSTANT DATA (NUMERIC) . 
ALPHANUMERIC DATA OR PRINT MASK 


7,8 1910 [15 | 16117 16 19 |20)21 2223424 


PAGE OF C. 6 


CUSTOMER 


BRANCH 


PROGRAMMER 


REMARKS 


SEEGER ESR EE MR PEEEEEEEREP 
DRA INiCik (0 ROSS: iAMMUIN Nn | 
rad EG N CHARA Penk 


PRINTEO IN U S. AMERICA 


70 171172 


FORM MKTG - 2296 (7/68) 


vi-P 


L1o8o20 1111 POS. | ETP 
a ST. | 


BURROUGHS ASSEMBLER CODING FORM ence _ © or _ 26 


PROGRAM 1D | CUSTOMER 
a ae Be. oe ae - BRANCH 
PARAMETER 7 PROGRAMMER 
A ee So OS 
LEN- = im 


| | “+ OR - | i 
| H eee : REMARKS 
fp meme [om pee fe] mee 


Lo feel ele |e eff fez nf fof noe a7] ne foes a [oes fe [eo] olf] es 7s ]5:] 520s =f] o0 00] 7 fro [re] =] 17] 


O80 LONE TAMTITERA: 1 | 1 WiRKEEG RIANISIFiE:Ri iN AMUN 


v 
S 


QNi 11:i@i iNiE AMi@iin 


& 
LJ 
Wa 
B 


J 
\) 
2 
y, 
oe 
ee 
v 
BN 


K) (C) © 
K > 1) 
> 
nm 
yy, | 
rtp IN KBD 
C F 


a 
| 7 
Q 


S 


&) > | OMse 
v KR Ss 
KE: LY | 
P, | — 
A 
u 


re, 
r2 
AS 


RUN % A 


> 
WS 


AI OLIN 


r w . 
‘ | , : 
{ 
i 
PU 
x: 
ee” 
l 
i Ls 
nd 
wr, 
Py 


e 


+ 
— 
is 


CONSTANT DATA (NUMERIC) | 
ALPHANUMERIC DATA OR PRINT MASK 


Ta 
78 9 10 [11,12, 13,14] 15 | 16417 18 19 |20)21)22)23|24 


PRINTED IN U S. AMERICA , FORM MK TG - 2296 (7/68) 


SI-v 


BAER . BRANCH 


BURROUGHS ASSEMBLER CODING FORM pace QQ or_ 2G 


CUSTOMER 


PROGRAM ID 


|s|6| 7] elo 


PARAMETER PROGRAMMER 
Li) eS Mean (SU I) 


d as 
BEEN BaD le cae cscs eee 
, - 


910,10 BRU. |. IBOpy Tw ee | BRANCH iT) NEXT) Lil 


} 


a ENABLE: TAX: 8. TOT AW PK 1a | 


a 


Poa IPB 
iii, Pe ON. TB A : 


NRE | MiEaN N “\eily 


: 


SS 
Pe 


A AN 0: NE 


y, 


S 
r, 
e& 
p> 


| 


U 
LAS 
Pa 

> 


CONSTANT DATA ( NUMERIC ) 
ALPHANUMERIC DATA OR PRINT MASK 


7 18,910 [11,12,13)14] 15 | 16417 119 20)21 22423 |24| 


PEPPREP 


PRINTED IN U S. AMERICA _ FORM MK TG - 2296 (7/68) 


OT-P 


BURROUGHS ASSEMBLER CODING FORM | pace _|O or 2O 


PROGRAM ID. | | CUSTOMER 
BRANCH 
PARAMETER PROGRAMMER 
‘FIELD Cc 


LEN- 


| + OR ~ | Se naaKS a 
ce cl or >? 
| 1 |11{s2} 13] s4| 156 |17 [re] 19 a0 fas [22] 23]2n|25| 2527 aa] 20] 20| 21] 2} 2a}24 | 25| 35 |37] 30] 290 [41] 42] 3 [44 as [as a7| 40 |49|50]s1]52|53]54 | s5|56 [57 |e] sofc0 [ox]<62]<]04| 65 Jos o7|s0|60|70|71 72 7a | a] 7576] 7 

sad = q i % — — bas 
CT ee ee eer re ee ne lori AX AS Ar PERCENT, 
, - ay ae e 0 ® . ’ . ‘ ff 
eee eee ome on, ae ee re Oe ee natn et ye a 
ee ee ee eee ouvert ee ree a Zi Lio | 


O,; Nut | 
ol CAO YO) yep sie ec IMI FINN lh oo oss (Seep caeecop ns MRO ADs ees NE ns op | 


f\ 
| roosa 11.14 ise |. eNUMA|CH ie |G | PRINT TAY DOLLARS 111111 | 


le ee ah deg 


CONSTANT DATA (NUMERIC) 
ALPHANUMERIC DATA OR PRINT MASK 


~ 
i li ean cla dil oe ad 


FORM MK TG - 2296 (7/68) 


PRINTEO INU S. AMERICA 


Li-p 


0 


BURROUGHS ASSEMBLER CODING FORM 


[_Frocman 1] 
Bonooo 


SAVEN 


PARAMETER 


| | + OR - 
|CODEY SEQUENCE LABEL LABEL INC/REL Pd 


NOGeeeguoos 


po i |e 
P20) i (Sea 
O38 sii (SRT 


wars ee 
oo eee Pe 

7 fae ors Gord 

PETE PES 


Ea 
|B 
a 
8 
| 8 
| 8 | 
| 2 
8 


ca 
ae 1 omnN if 
QO |O IO jO {OIC 


= 


fo 


0,90 


fh 
i 


=< OS PD Ic 


Ks 


~ 
o 


CONSTANT DATA (NUMERIC ) ; 
ALPHANUMERIC DATA OR PRINT MASK 


7 18,910 [15 | 16117 10 ;19 |20)21422)23) 26 


, 
| 


J y 
ww, 


PAGE | | OF feo ae 


CUSTOMER 


BRANCH 


PROGRAMMER 


=f [sls se] > fs sss] rao] ||} 7 
Demi) A OriT Cie Nie 


Lif 


(0 LW % % iD MN 
MINDEX ADDON CBSiT: AMBUNT | 
RDN A iiN 0 AIMMO:UiN 
A 0, Vv \ g o 


- PRINTEO IN U S. AMERICA 


FORM MKTG - 2296 (7/68) 


8I-P 


| 
: 


“ se 
a a 
BURROUGHS ASSEMBLER CODING FORM pace _}2 or_26 
PROGRAM ID CUSTOMER 
7] 
pouooD _— 
slabieLe _ 
| | PROGRAMMER 
nae rae 
— ne — le 
fel come [cen Pome few me Te | as 
| 1 [+9] 12} 13] 14] 15]16 |17] 18] 19]20]21 [22] 2324 |25| 25] 27 20] 29|30|31] 22| 2924 [25] 25]27| 30] 20 [4041] 42] 42 |44 as fs [7] 48 |49]50|5]52|s3]54 59/56 fo7 59] s9|60 |61/62|62|64| 65 fos e750 c9|70]71]72|73 74] 75| 76] 7] 
Esse Pete ee Sere eee Ey og ae Ee DE: MUNUS mT 


re 
"4 
iS 
S 
B 
mw 
1 
Wa 


Ai Nic M 1 


= Perey ES Ae 

ble WOR ge ae fete | TADNCP. R QO, CY DT AiLs sPab 
201510 4 ee CuikKiLal NE. Ni CaP MiE WN NE. CoQ, 
ene eee ADDONS 


U 
S 


) Vv | | @ > > 
pune i] Ai b< COU CG - 
: See, ie re 


" r 
! 


5 = m L N N \ i) 
Lauro DAW: NOISE "eee 

2 tgiOl yp Setceewe N A N 
eens eee Pere Ties ["\ N m Nid a IN 
2200) 11111 [Pd Drea egg! POUUTAGN Cis PLN 


CONSTANT DATA (NUMERIC ) 
ALPHANUMERIC DATA OR PRINT MASK 


7,8 ,9,10 1617 118 119 | 20)21)22)23)24, 


id dla ll all el dl kdb 


PRINTED IN U S. AMERICA FORM MKTG - 2296 (7/68) 


61-7 


“7 
BURROUGHS ASSEMBLER CODING FORM pace _ 15 or _ 2G 


PROGRAM ID CUSTOMER 
|5[ 6] 7[ 8/9 |10 
= BRANCH 
slaMPlle 
: PROGRAMMER 


GTH if + OR - 

Fa seeene on a 
[1 [+5] 2] 191455] [7 |r| 9|a0}as [za foe [252527] 2 [2021] 32 a] 352637] 20] 29 [aay 
THR 


5254 |ssfss 7 [se] se[s0 [61] 52] 64] 6s fs 07]os eo] 70] 772 78 [74] 75] 75] 77 
iN NUD EX '\ | ", =n N ®Z 
Rt NG NV Ey NUMBER 
Wik NV = NS 


Ni ba Ie 


° 

or 

ae 
B 
Wa 
SY 
B 
re 

UJ 

S 
ws 
RP 


_N 

© 

for) 
7) 


tr ki in Kn [on 
- Ee —~ i - lo lo fe 
©) — oe OW} ko {© 
fon Gmemeomenenenenmenene 


ye. 
ae 
rr, 
a 
| 
< 
we 
Wa 


rT Y 
pun. 
Wa 
p> 
a 
ar 


x = iA 


B= 
y 
Lo 
Pe 

BY 
| 
Kean 
P 

wr; 


WW 
| 
O 


ve B 
Wa 

wy 

P. 

> 

B 

> 


Vv 


ai NE 
© {oo fo | 
© |o Ie |e 


CONSTANT DATA (.NUMERIC ) 
ALPHANUMERIC DATA OR PRINT MASK 


142,344 )5 1617 8,910 [11412, 13,14] 5 | 16417 y10 19 | 20421422423) 24 


70 |71 |72 


PRINTED IN U S. AMERICA FORM MK TG - 2296 (7/68) 


0c-b 


» . #e BURROUGHS ASSEMBLER CODING FORM : pace 1% or _ 2G 
— [rrcceae_] | = | | | _ i | a re | | CUSTOMER © | 
ne | | | | | | | BRANCH 


PARAMETER : | ae : PROGRAMMER 
SS + OR- | : a | 
"SEQUENCE LABEL OP. CODE LABEL Ne 7 REL 
: Gioeece elge iguaeoa au Datcustasoaaaalbs3 o0ccusdea see aeeoea sass voceece 
CE EEE aaa Ds Fac rere eee Ce i rae Pewee F estes ee 


. REMARKS 


| 6 
" 
. we 


Sy 


b ~~ Th . , 


BP; 
iS 
Tr; 


.) 


. TS Ee Te r > 
S to Cc x< +f ‘Co fo De Oa 
mi CO Ch & 
! BY 


MID 


| — *) 
| : 
3 | 


) IN 3 : io aa 


CONSTANT DATA ( NUMERIC ) 
ALPHANUMERIC DATA OR PRINT MASK 
7,8,9,10 


i 


we 
o 
— 
N 
mh 
@ 
at 
La) |e 


PRINTED IN U S. AMERICA , : ; _FORM MK TG - 2296 (7/68) 


BURROUGHS ASSEMBLER CODING FORM pace 19 of CO _ 


PROGRAM ID | CUSTOMER 
|s|6| 7] 8{9 [10] BRANCH 
RARE 

PROGRAMMER 


FIELD A Cc 


LEN- 
+ OR- 
a eins 
BOE ad ee sess ec cc ene cero eee ee 
oor ae eee 


| 50K) sy Me ead eee eee Me BY. aR 
P20) RA fe eT Po | | TRANSIFIEWR: Nie QiSiT. AMOUNT 
| 5.040} 1.111 Pe (7 cee ee POSLTLGN FOR PRINT 1111s | 
TFC: Saeed Pee eee SHOT. Fs MIENALS) yp 
Hi5106.01 si eeeke Seen eee PRONT 1 .GE: MENUS yy a | 
5.070] 11 i | (eee eee eee REMENT INDEX REG 8 
508] Duel a | PEAT LOGE 
(rote eee ree SUTLON, FO N 


i 5 ‘ Fp = Fo > 
B, Qt tDOoODWESB DDI 5 
i 
5 


© fo MN x = Nh 
> l 
Ov 
i< 9 
@ 


> 
z 


UD KOIN 
CONSTANT DATA (NUMERIC ) 
ALPHANUMERIC DATA OR PRINT MASK 


a 
78 9 10 11412, 13,14] 15 | 16)17 18 119 |20)21)22)23} 24 


eee 
1424 3)4)5 16 
=P EEEEPPEEEEE  FeEP PEPE EP 


PRINTED IN U S. AMERICA ' FORM MKTG - 2296 (7/68) 


th 


BURROUGHS ASSEMBLER CODING FORM | pace _ |O  o 26 
- | | CUSTOMER _ 


BRANCH — 


PROGRAMMER 


AL REMARKS 
“LABEL op. CODE LABEL -INC/REL += | 


aa | i 
| SCBCD: ie Ey sso BE SS PEPE SPP al co | 


LE thé.0.0 JADA. | 1 AD.GN, Pay pe PLit:S: ADDONS 


Ls 
Hl 
a 
BY 
ok. bik lbh ols 


© 
NO 
\e) 


wy, 
Pr 


. Be iz tyne 
, aw : | 
AS SS 


DWOaOD OOO iG oF 
@s e = | > 
| om ene QO 10 | 


CONSTANT DATA (NUMERIC ) 
ALPHANUMERIC DATA OR PRINT MASK 


1,2, 3/4)5 6 [7,6 eR ACTON 


ele FSFE 


(OTTO & > iS + | 
a ~} 2 ~e — ! a 
 & B | % => fF 
'@) ’ 
. I ! : a a B 
Wa Wa ( 
@ aOR. 
rm LS , aan 5 re ive 
\ : , : | é x i; lA ‘ 
; B y > Fr 
Pa Wak | I RD K Z 
7 J —m Ome 
ae cmacee - Le” : ‘ “be 


TED IN U S. AMERICA FORM MKTG - 2296 (7/68) 


oo re 


ae 
BURROUGHS ASSEMBLER CODING FORM : pace | for 


| | PROGRAM 1D | CUSTOMER 
HGBOOS BRANCH 
PARAMETER | PROGRAMMER 


FIELD es 
, —— LEN- OR 
) . . ma = REMARKS. 


Pt fi POSTON TA 


EST iP Ee, FGR MTibibis 


BICOL COmcoad soos cae Sod coe Scene So aac oa ame cae cee taslalsalcllosess 
JIPIAERC SL 


a D Pik 


E 
© 
q 


i SS 
fa wy 


DUrorU Ee | mS 
if ~ if : * . 
. om - , vy . je i 2 Va 
| | x. re 


aS 


S 


Lo” — p> > 
Ss z U 
re ; 
» 
Pn é 
Ls ~ 


BAD OL % Nut NK 


w 
S 


& 
SY 


> 


U Le 
CS 
S 
Wa 
S 
U 
v 
A 


GD v 
Wr 


_|_CONSTANT DATA (NUMERIC) | 
ALPHANUMERIC DATA OR PRINT MASK 


7 18,910 ]11,12, 13,14] 15 | 16,1718 19 |20)21)22)23}24 | 


"PRINTED IN u Ss. AMERICA” * FORM MKTG - 2296 (7/68) 


VC-V 


| BURROUGHS ASSEMBLER CODING FORM pce 18 of 2G 
See — 


LEN- 


CODE] SEQUENCE LABEL OP. CODE GTH | LABEL | + OR — 


INC/REL 


| [of s2f 9} sh fs] sa | a} an | asa] a] a] 2] as] a 27] se] 2 [a [as] ca] [oes fo +740 [aso] s fs] sls 7s soleofox]s2]02 [040s 67 Je0|e0| ofr |r2]r3|r4| [| 7 
\ a , ’ | 


Theor. TRA 1 Pasengl..t.. | 1.11.11 PRANSEER PAGE NUMBER 
2 Ol 5g New lene) qe) oe One! pact | pea PRTNOLICAGE INO. eae cil 


=) 
i.e) 
2) 


© 

co 
PEER 
{ 


S 


S 


I> f? Jib 
CS KS Pi bo 0 we 
Ker, 


&. 


CONSTANT DATA (NUMERIC) | 
ALPHANUMERIC DATA OR PRINT MASK 


[i 2185448 16] 78,9 10 [rr 9,00) ws [re ro [z 2 alag 
il al i ll le ln el dot eal lll a dd Sl cl ll ola Gd lad ea 


NN 


PRINTED IN U S. AMERICA 


FORM MKTG - 2296 (7/68) 


SCV 


BURROUGHS ASSEMBLER CODING FORM | pace_ 19 of 2G 


_ PROGRAM ID _ eierouen 
; BRANCH 
PARAMETER PROGRAMMER 
A A 
Lees aah + OR = 
A GTH . Pe. 
SEQUENCE LABEL OP. CODE LABEL INC/REL 


ed ee, eee 
Lt fs] 2s] Jo] fanaa fsa nm no] nao en] oe a [ns | so] fee [se os] oe = po} 57>] 722] |] =| 
Sono iii RA | NWT | | Pi i RAINS EIR: TOTAL NiE.T) AMUN: 
920 i SR ty Pomel ti | tt BRENT Te NET: AMUN 
| 11,910.30 Si oa | 


OO WO 
& 

4 
a 


| boosd i... Ra |. ITA 


AiR Mie MOR CIA DAN 


Ka 3 
2 
PL ee ee 


: 


| 
CONSTANT DATA (NUMERIC) . | 
ALPHANUMERIC DATA OR: PRINT MASK 


is bd ane Bol li a el lL 


Fel dl face db 


- PRINTED IN U S. AMERICA FORM MKTG - 2296 (7/68) 


OCD 


BURROUGHS ASSEMBLER CODING FORM pacE_ Oo PO 
[PRocRaw 10 | CUSTOMER 
| 5] 6] 7] 8/9 [10] | BRANCH 
SAMPLE | | 
PROGRAMMER 
ee _|pee [se ee 


OR - 
C/ 


ae Pa ns OE ee ed 
Lt [ee] [rf ffs [zn oa nn zn] a | [na 20 oa ao [as ff [os 57 [so oo fossa os] mo] ]r2 Jalen 7] 
| (oot i... [saw | fg a Pere 


. : LEN- 
ODE] SEQUENCE LABEL op. cope |GTH | ~~ LABEL a 


210,01 AR-P@ iii JADWANGE: FORM Psi Til Bid 
yO 2 Oi i feoiecy. PN | el ie ack a rote a op ae PIA INE Be 
b APO OO iio i : 


Mm rT 
O0Ono0 « 
© |o 
NI In 
10 10 0 


| 
A) 1 OD © 
SS 
6 


ry 
a 
S 


S 


—7 
p>, 
> 
Pn 


i, 
@s 


rEEFEEEFEFEFEFEREEEE 
eis 


f, f, bs . 
& 
SS | 
N_J 


BEREMERRRRHENEES 
e 
U 


CONSTANT DATA (NUMERIC) 
ALPHANUMERIC DATA OR PRINT MASK . 


78 9 10 [vr 3,16| 5 [67 8 eo za zazapo0| ear 3%: 
ii ea ad il ad eh a ll Ee ed a 


FORM MKTG - 2296 (7/68) 


PRINTEO IN U S. AMERICA 


LO-v 


BURROUGHS ASSEMBLER CODING FORM pace | or_ CO 


[ ProcRan cusroMeR 
Houooo 
ee . BRANCH 
RACERS | 
[_Fanaweren pile 
A a 


spicata moma EN - 

| + OR - ; 
ion ase NRE PR Ec ae! areas: 
Lt fells i Je] oe ela mm ne] le noon fe J] fff == fo ef] nf ome fre = >] 7 
| [20 ho Si i ta care aa Li 


aii he eons Poi htt. mes FoR : 
lanO20 111s SRE (ere eee Pees een eee 
| [aosiol sii INTE Tt tL tT 
| Promo erat Moi ti at tli B 
O60 pi WR | eB 
pai0.80F ey AAR ee eb | 
Leis OmO a pie Ee ea gy ep tl oe ae ec ae a ee 
Oe VET ie A oho el ee (rel ee 
datos i BRR te tt | i 
Poo TMIbInDRM s |) WRKREG i tii | fi Pi 
I eee ee ee eee 
| ant es Le were 
Piao ii RA | weKReGl i tii tf ti 
P awol ii SRD | to te ee | Pa fs 
P isol i SRR fa et tT | tt I 
| tieol 1.1 RA | WRIKREG i Pi | ti ti 
PF leninmol i SRG | tO Pe a | fi ts Si D Dik 
| eine sii NOTE Pete Pe te tT Pa ti 
Pengo ii eR Be te tp MERE: NDE XED 
Nemo) i ST tv Fe | Ti ti A =, FiLis 


CONSTANT DATA (NUMERIC) 
ALPHANUMERIC DATA OR PRINT MASK 


7 18,910 [15 | 16417 10,19 |20)21 22,23} 24| 


) 


“PPEPP EPP 


PRINTED IN U S. AMERICA FORM MKTG - 2296 (7/686) 


aa 


PRINTED wu S. “AMERICA - 


OU AW ED 
LAS LU LA 


Pe 


BURROUGHS ASSEMBLER CODING FORM 


PARAMETER 


p>. 


ie 
2 


_ING/REL : ee Baile | aie : 
SEEPS HEEEPEEEEEPREREEEEPPEE 


pace OO or _ OO 


‘CUSTOMER 


BRANCH 
PROGRAMMER 


+ OR | | a a ‘ “ A 7 REMARKS 


“I “4 Pur 


PPEPEEPEEPEEEEEPEPEG 


BEEP BEEPEE PPB PEE EPSPS PPI HS EPSPEPEEERER 
. FORM MK TG - 2296 (7168) 


60 


. PROGRAM 1D 


BURROUGHS ASSEMBLER CODING FORM pace CD or CO 


CUSTOMER 
BogooG ; se 
BARR 
[PARAMETER PROGRAMMER 
og YS GO a 


H + OR - 
oo secvence [tase | ors cone [om | wn [tee | 


[1 ffl elec] i zfs [of [a] fm] no en] 2 fo eee [oes fo fe [oo os [ne sn oe es 70] | 2 > [4] =| 
[ [az0nol 1.1. IMA ries. Woot (ok Re ee MITE 


APE he ee Fa ene A aN MRRRNE PITT hea TE eR area | 

=r aE OEY MOUS PEEL MGT SEER TC 
Me ee ae ee a Pe een ery 
EL TI TS Pe RE POET PO EE ORE SCT OT 
PErcmee, Gee ete eee ae 
ee ere OE ET PES CREE EE EL Soe eee ees 
ee oe Ie ee He I Pe FEE 
aeumid tet tet, baett at ee 
Ppenidiwuvetiase Th ewae Ner Ta A 
Pon. ear ee ee ee ee ee 
auadinen ee TTT erate 

erro Ne eR EE GEE OR RRE SET TOT aT ee 

: oer ee ee ae eee ee 
C pceace TT i beta etsis. Dod 
ee tire tee es eee eee 
eee ne oes Pe Pe Pee Pe PEE FS Oe ee 


CONSTANT DATA (NUMERIC) 
--| ALPHANUMERIC DATA OR PRINT MASK 


7 8,9 10 [11,12 13;14] 15 | 16,1718 19 |20)21 22,23} 24 | 


PRINTED IN U S. AMERICA FORM MK TG - 2296 (7/68) 


of 


BURROUGHS ASSEMBLER CODING FORM tS pact 24 of CG 


“PROGRAM 1D-" | --2 © gaa NE er es : ee 8S m3 | CUSTOMER 


SlAMale] = “ 
ae ee ee 


REMARKS 


bff [| >be PSSEEESEEEEEEEEEEREE, 


8 
| 8 | 
2 | 
8 


cE 
7 


iO 


Siiil | 
BSS. |_| 
C.QUNIT 


RITE: 
oa reniricnee 


PRINTED INU S. AMERICA FORM MK TG - 2296 (7/68) 


Lev 


BURROUGHS ASSEMBLER CODING FORM pce 2 9 or CO 


PROGRAM iD CUSTOMER 
a - BRANCH 
oro aa Rennes 
ae 
coo sequence | LABEL or. cone [om | case | Terns | | Po remamns 
STC RE ST GERTESO SESE DDoCoZCEScgogG +4}as fs [a7] 48 [22] 50] 5152] 52 54 |5s]06 [57 |5e]59]60 |5[<a]69]54]05 fos o7]o0 eo] 7]71|72|73]74] m5] 75|77] 
{2.5.0 LOSE | TQ LiDME 


PYLE L HOUOKOIN TNE 


SHPT LID 
pstecpuse.t 


g 
NZS 
Wa 
BY = 
L< 
r 


Ae 


eee 

© 
FEEFEEEE 
ae 

B 
aa] 


aaa » 
Tas.o.7.0lcwisN@ 


& 
) 
A 
2. 
i 
U 
B 


w 
SS 
ie 
K: 
¥ 


pele th ie eae a de ale 


eee were 
Ow ny 
eee every 
raeees aren 
le aaa. 
ci eeSe vere 
pee ts Bi eee 
PsoecSnney.PDee.. 1.42.11. Cr Pes SOND. BY. NAM 
eae Der te SO Co Pe 
ps uecbarePper.. |. eo... 1.1 Ct Pes ae 
eS LNVN@PDEE.. |. BO bo Fane BYEYE ALGE, NUMBEE 
psu20PRocpppes:, 15 11). ti} titi, Pas PRE NUMBER 
pe nadenienw be. tito ti| li, Pes,_G 
(bs cbese- PDE. Petits) list Pes. DESCRIP 
Ps usoSPRCPDEF.. |. ast tit) tl, Pes : 
| (bisuscPeau- Pore, 1 batt ti be = ALUMN 
Chpuoers-P pee) be. t  Pes, Gra SUN 
Ps adprser Pee 1 be.) li iit Bos iprscaun 
Ppoucnerse pee thet tt Tt pas we ang 
Ceszodepre epee tbo tt) rs Pes C60 PREG iia 


CONSTANT DATA (NUMERIC ) 
ieauanenre DATA Beers PRINT GREG 


442,344 )5 16 [7,0 ,9 10 ]14,12, 13,14, aaa 


PEPPER 


PRINTED IN US. AMERICA FORM MKTG - 2296 (7/68) 


TEb 


BURROUGHS ASSEMBLER CODING FORM 


PROGRAM 1D 


|$|6| 7] 8]9 [10 
aE 
eS eae Fe ae Ce, 


+ OR- 


LABEL INC/REL 


CODE] SEQUENCE LABEL oP. copE | GT 


| [2.60.20AD@N-PIDEF. . | 1 (5.1 11 is 
| (2.6.0, 3.0P RTS PEF. 1 | iz | 
N Die | lo 
| (2.6.0, 50SM-HDPIDEF,. |. 20. | 


2:6. 0.0 


ra 
we 


CONSTANT DATA (NUMERIC ) 
ALPHANUMERIC DATA OR PRINT MASK 


7 8,910 ]11,12, 13,14] 15 | 16,1718 19 120421) 22)23}24| 


PRINTED IN U S. AMERICA 


525s 5s fos] eo ser 


CST iMG Jik 


Z anes 
seals i fs eal a [ole lees eee rela 
= C DEF. | 1b : a re eee 


PacéE CO OF 26 
CUSTOMER 


BRANCH 


PROGRAMMER 


REMARKS 


sad el od lad el ce cl clit dl el a aU 


FORM MK TG - 2296 (7/68) 


PAGE OO! 
RE MA RK § 


3/26/70 TIME = 12348 


DP, A*PARAMETER 
Ne IN 


PROGRAM ID. * VERSION 02°01270 
WORD | ~OBJE 
—  S¥L CAD 


WATE RUN 


SEQ. . np oF Bo CL ABEL 
NG. LOC: cODE LN; LAREL INC PAR PAR DEC EQuU 


(EMORY SIZE NOT ENTERED (512 A 


a 


SSUMED) 
2 


wit | | a 7 BASIC BILLING PROGRAM 


00 FC69 20 LPKR -PKTABL 105 LOAD PK BASE REGISTER 
1 FR6B 3.0 LPNR — MASKTB 107 LOAD PRINT NUM, BASE REG, 
2  =£433 40 LLLR 51 | LOAD LEFT LIMIT REGISTER 
3 F693 5 0  INITAL PKA 1258 ‘ENABLE PKA 1 LOAD DATE 


A600 
(6758. 
- EROF 
6552 — ae 


So 2p>o02090%907700 


~ REGINV 


NOTE 


NOTE 


NOTE 


| NK 
SET | 


oho 


RST 


LKBR 


0 
| SLOTOL eS 


15 


INV. NOw TAX, PKA2 PRINT 
DAILY TOTALS, PKAS COST 

INVOICE» PKAB CLEAR TOTL 
XANY NCK TO START INVOICE 


SET STANDARD INVOICE FLAG 


ANVANCE TO LINE 10 — 


eo) ie 1 CONT, PAGE 


(20. BFO2- 130. CLA 0 CLEAR ACC, INSERT 2 

a 3072 140 TRM  PAGENO 114 STORE FOR PAGE NN. 2 
2 FRAO 150 PKA ee, ‘BRANCH TO INITIALIZE 
35: «FATS: - 16 0 CHS TNM 117 LOAD KEYRNARN BASE REG. 


3.0  EROC A? O° Pas NMAD@=P 13 POSITION TO snLo TO 
4. AME 180° TKM. 31 XTYPE CUSTOMER NAME 
7 ap 2. N01 19 0 AL » ADVANCE LEFT ONE LINE 
; = £008 20 0 LLCR SLOTOL 8 LOAD wITH SOLD TO LINE 
a 407 5900 21 0 LTR BEGIN TYPING LOOP 
me og 6300, 92 0 LIR LOAD INDEX REGISTER 3 
3. | 


> @ 
o, PROGRAM ID, 


P WORD 


SYL 


wht oO WN & Oo w wee Oo 


w NY & Oo 


31 


NATE RUN 


SYM, 


LOC, 


SHIPTO 


RIBRON 


3/26/70 


NP 
CODE 


RST 


POS 


TK 


Al. 


POS 
PA 
AL TS 


PAS — 


TIME = 


FO, 
LN, 


LAREL 


x 
NMAD@=p 


3 
T 
SHTPTO 
RTRRON 


1 
SHIPTO 
K 


X 
2 
SHTPTO 
2 


NMAD=P 
SAME 
RTRRL 


TERM=P 


12348 
A=PARAMETER 
C 


VERSINN 02780170 


LAREL 
PAR DEC EQU 


R 
PAR 


34 


C 


13 
A 
1 
i | 
4 
B 
4 
13 
136 
20 
6 


PAGE 002, 
RFMARKS 


RESET X FLAG 
POSTTION TO PRINT 


XTYPE INFN 

ANVANCE LEFT ONE LINE 
TEST TF THIRD TIME. 
ENTER IF SHIPTO | 


TEST FOR COMPLETION 
TERMINATE Lone 
REPEAT. 


“JUMP TO RIBBON AREA 


TERMINATE Lone 
RFPEAT LOOP | 
BRANCH TO PRINT SAME 
EXIT Lane 


SET TN ENTER SHIPTO LOOP 


ANVANCE TWO LINES | 


RETURN TO LonP 
ADVANCE TWO LINES 


PRINT ALPHA MESSAGE 


ADVANCE TN RTBBON LINE 


POSTTTON TO TERMS | 


PROGRAM ID, = 


WORD 
SYL 


Sev 


19 


14 


1? 


13 


14 


Ww n= oO. 


Ww MN FF © 


NATE RUN 


oS. So: Ss 


SYM, 
LOC, 


BODYTV 


MAX 


3/26/70 TIME = 12348 
OP FDO, A=PARAMETER 
TK 11 
POS ORDNOP 
TK 19 
PNS CUSNDP 
TK 9 
POS “SLDBYP 
TK 1? 
POS SHPVIP 
TK 9 
CLM INVNET 
CLM INVCOST 
SRJ DATE*J 
BRU ? 
SRJ CKLINE 
eX. v 
SRJ SUBTOT 
SRJ CONTPG 
RST X 
NOTE 
PKA 1 3 
POS PRNCDP 
NK 4 


PAGE 003 
RFE MAR K § 


VERSION 02=01-70 


B C LAREL 
PAR PAR DEC EQU 


XTYPE TERMS) 


19 POSITION TO ORDER NO, 
TYPE NRDER NN. 
31 PNSITION TO CUSTOMER NO, 


XTYPE CUSTOMER NUMBER 


42 POSITION TO SOLD BY 
XTYPE SALES NAMES 
56 POSITION TO SHIP VIA 
XTYPE SHIPVIA 
124 CLEAR INVOICE NET TOTAL 
125 CLEAR INVOICE COST TATAL 
94 2 PRINT DATE & INVMICE NO 
13 ? BRU SKIP LINE INCREMENT 
98 0 INCREMENT & CHECK LINE CT 
1 2 TEST FOR CONT, PAGE | 
86 ? PRINT SUB@TOTAL 
80 2 BEGIN CONTINUATION PAGE 


34 RESET DISCOUNT FLAG 
ANDON FLAG 
ENABLE SURB#*TNTAL PK 
5 PNSITION TO PRODUCT CODE 


) INDEX NO. LESS THAN 5000 


PROGRAM ID, 


SWORD 


16° 


17 


18 


19 


20 


Syl 


Se ee 


wn = oS 


DATE RUN 


SYM, 


TKDESC 


3726/70 


OP 
eOUE 7 


CPA “se 


BRU 


BRU 
“ALARM 
BRU 
a 
SRJ 
SRJ 


BRU 
AL 


SLRO 
PN 
NKR: 
EX 


SET 


POS 


PNS= 
PC» 


SLRO 
TRM 


POS 


Ne ie 


tas 


TEST. 


SURTOT 


- CANTPG 


QTY 


BONYIy + 


DESC@=P 


12248, 


pf SPARAMETER 
LABEL IN 


6 


B 
Cc PAR 


-~ 29 w od 


VERSION 02°0L*70) | PAGE 004 


C LABEL REMARKS | 
PAR DEC Edu - 


CHECK IF VALID | 
EQUAL TO» NO OPERATINN 
INVALTD CODE 


135 


161 


VALID PRINT 
| | > TNVALTO DO NOT PRINT. 
150 “TM INDEX veveuee ce 
3 TEST FOR & CONT, PAGE a 


16 3 


PRINT SUBTOTAL | 

BEGIN CONTINUATION PAGE 
BRANCH TO INDEX PROD#=NO, | 
ADVANCE LEFT ONE LINE 


B6 ? 
80> 


SHIFT FOR PRINTING 
PRINT PRONUCT NO, 
INDEX QUANTITY. 
! TST FOR DISC OCK1 NO DISC 


: SET X3 Nn DISCOUNT FLAG. 
a POSITION TO QUANTITY 
PRINT WHOLE NO, QUANTITY 
PRINT = IF MINUS 


REPOSTTION FOR EXTN 
7 STORE QUANITY 
22 POSITION TO DESCRIPTION 


PROGRAM ID, *» 
WORD 


2] 


22 


23 


2a 


25 


Lev 


SY 


Ww NH - © 


Me & 


kad 


Ww NH —- © 


100 


191 


102 
103 


104 


NATE RUN 


105 0 


106 


107 
108 


109— 


Dp oD 2D. 


SYM, 
LOC, 


MPRICE 


3/26/70 


NP FO, 
CNDE LN, 


TIME =» 


LABEL 


23 


K 
CKI INE 
Y 
1 


TKDESC 
SPRC=#p 


MPRICE 
CTMILL 
A 


MPRICE 
PT@PRC 
PERU=p 


aty | 


12:48 
AwPARAMETER 
NC 


Nf 


VERSION 027201270 


R C LAREL 
PAR PAR DEC EQU 


23 0 


4 
98 

2 
20 
43 

2 
22 
100 

1 
78 
55 

4 
122 


122 


PAGE 095 
REMARK S 


XTYPE DESCRIPTION 


TEST IF OCK1 USED 
INCREMENT LINE COUNT 

TEST TF LAST INVOICE LINE 
ADVANCE LEFT ONE LINE 


BRANCH TO TYPE DESC, 
POSITION TO SELL PRICE 
XINDEX PRICE | 
TEST IF BOTH C M USED 


WARN PRICF ERROR | 
BRANCH TN INDEX PRICE 
DETERMINE IF MILLS INDEX 
TEST IF MINUS FLAG SET 


BRANCH TO INDEX PRICE 
PRINT SELL PRICE 

POSITION TO PER UNIT COLN 
TEST IF C FLAG SET 


PRINT _ 
TRANSFER QUANITY 
SHIFT FOR PER C PRICE 
STORE QUANTITY 


gd 


b PROGRAM 1D. - 


ee 


27 


28 


ag 


30 


31 


w noe oO wo roe oO WNHeEO 


w NY Oo 


o 


SEQ, 
NO, 


NATE RUN 
| SYM, 
coe, 

0 

0) 

O 

0 | 

0 

0 

0 

GRSAMT 

) 


3726/70 © 


OP 
CODE 


EX 
PC 
TRA 
SLRO 


TRM 

TRA 

EX 
BRU 


EX 

PC 
PC 
BRU 


TK 
LSR 
MULR 

POS 


SRJ 


TRM 


ADM 
EX . 


BRU 
POS 


FN, 
LN, 


TIME. - 


LABEL 


QTY 


QTY 
PRICE 
A 
GRSAMT 


K 
E. 
A 
GRSAMT 


4 
9 

QTy 
GRS=P 


—PNUMRCO 
— WRKREG 


TGROSS 
X 


NETAMT 
DISC#P 


12:48 
Ae PARAMETER 
INC 


VERSINAN U2 Oe) 


PAR 


122 


CM J 


29 


C LABE 
PAR DEC EQU 


Ewe) 


PAGE 006 
R BE M A R K oo 


TEST TF M KEY USED 
PRINT M 

TRANSFER QUANITY 
SHIFT FOR PER M PRICE 


STORE QUANITY 

TRANSFER SELL PRICE 

TEST TF EITHER CM USED 
BRANCH TO GROSS AMOUNT 


TEST TF OCK4 USED 

PRINT E 

PRINT A | 

BRANCH TO GROSS AMOUNT 


XTYPE PER UNIT CHARACTER 
LNAD SHIFT REGISTER — 
MULT PRICE X QUANITY 
POSITION TO GROSS AMOUNT 


PRINT GROSS AMOUNT 

STORE GROSS AMOUNT 

AND TN GRAND GROSS TOTAL 
TEST TF DISCOUNT APPTCABL 


BRANCH TO NET AMOUNT 


PNSITION TO NTSCOUNT 


PROGRAM ID, = 


WORD 
| SYL 


33 


60-7 


34 


wn = OC WN Oo 


wne oOo 


35 


aie 


wn = Co. 


wnt Oo 


ER48 


pean 
BN7C 
— «BOTE 


4558 
740) — 
6429 
FR59 


A632, 
 2R64 
AKC 

7024 


DATE RUN 


SEQ, 
NO, 
132 0 
133 0 
134 
135 
136 0 
137 0 
1380 
139 0 
140 0 
141 0 
142 0 
143 
144 9 
145 0 
146 0. 
147 
148 0) 
149 0. 
150 0 
151 9 
152 0 
153 0 


SYM, 


LAC, 


NETAMT 


COSTIV 


3/26/79 


OP 


CODE 


BRU 


TIMF = 12348 
A@-PARAMET 
INC 


LAREL 


NETAMT 
. 
gy 

7 


WRKREG 


WRKREG 
—TOTSCT 


WRKREG 


NET=P 
PNUMRC 
INVNET 
TNET 


Y 


BNOYTY 
ae 
CPRC=p 


VERSION 0280170 


B C LABEL 
PAR PAR DEC EQU 


33. 


ee 
nese 
134) 
111 


76 
77 
124 
126 


13 


9 


100 


36 


PAGE 097 
RF MARK §S 


XINDEX DISCOUNT 
TEST TF ZERO INDEXED 


BRANCH TO NET AMOUNT 
PRINT DISCOUNT AS 3At & 
PRINT "3" | 

LOAD SHIFT REGISTER 


MULT DISCQUNT X GROSS. 
SUBT NISCNUNT FROM GROSS 
AND TN TNTAL DISCOUNTS 
TRANSFER NET AMOUNT 


POSITTON TO NET AMOUNT 
PRINT NET AMQUNT = 
ADD LINE NET TO TOTAL NET 
AND Tn TOTAL NET SALES 


TEST TF COST APPLICARLE 
BRANCH TO NEXT LINE 
LNAD SHIFT REGISTER 
POSITION TO CONST PRICE 


INDEX COST PRICE 
DETERMINE IF MILLS INDEX 
TEST IF COST PRICE ERROR 
BRANCH TO INDEX COST 


PPROGRAM ID, 
CwORD | 


SYL 


38 


39 


40 


41 


42 


DATE RUN 


() 


SYM, 
LOC. 


INVTNT 


3/26/70 


OP 
CODE 


SRA 
NOTE 
MULR 
POS 
SRS 
ADM 
ADM 
BRU 
PKA 


CLM 


LSR. 


SRJ 
POS. 
SRJ 
NK 
EXZ 


RRU 


TIME © 12348 


PARAMETER 
INC 


LA REL 
PT#PRC + 


QTy 
CSTX*P 
PNIIMRC 


TCASTS 
INVCST 
BNDYIy 
46 


WRKREG 
4 

SURTOT 
ANNN=P 


CKLINE 
: | 
' 

-ADNONS 


Y 
CANTPG 
: 

ADLNCK 


1 


VERSINN 02=01¢70 


B 
PAR 


C LAREL 
PAR DEC EQU 


46-1 


80 2 


90 2 


PAGE 008 
aR F M A R K s- 


PRINT COST PRICE — 
SHIFT FOR MILLS. ~ 

MULT COST X QUANETTY | 
POSITION TO COST AMOUNT 
PRINT COST AMOUNT | 


AND LINE COST TO TOT COST 
AnD TO INVOICE COST TOTAL 
RRANCH TN NEXT. LINE 

ENABLE TAX & TOTAL PK 


CLEAR WORKING MEMORY 
LOAN SHIFT REGISTER 
PRINT SUBTOTAL 

POSITION TO ALF TAX 


INCREMENT LINE COUNT - 
XINDEX MISC TAX PERCENT | 
TEST TF ZERO INDEXED 
BRANCH TO ADNONS 


TEST FOR LAST LINE 

REGIN CONTINUATION PAGE — 
TEST FOR LAST SIX LINES 
INCREMENT LINE COUNT 


SET X FOR ADDONS | 


46 


PROGRAM TD 


WORD 


43 


4a 


a7 


lbh 


SL 


DATE RUN 


<<, oo 


SoS: 3 « 


SYM, 
LOC, 


ADDONS | 


3/26/70 


OP 
CODE 


pos 


FD 
LN 


TIME = 


. A@-PARAM 
N, LAREL | 


 MON|P 


INVNET 


tT 


A 
x 
4 
% 


NE T#=P 


—INVNET 


PNUMRC 


TAXES. 


_ WRKREG 


— ANON@P 


SURTOT 


6 ; 


X 


Y 


CONTPG 


x 


— CKLINE 


12348 


ETER 
INC 


VERSTON 027801270 


B C LABEL 
PAR PAR DEC EQU 


69 


59 


80 


PAGE 009 
RFEFM AR K § 


ADVANCE LEFT ONE LINE 
POSITTON TO ALF TAX 
PRINT wT AX" 


PRINT TAX AS A PERCENT 
PRINT 3&3 


MULT TAX &% X NET 


PRINT TAX DOLLARS 


ADD TO TOTAL TAX DOLLARS 


AND To TOT NET INVOICE § 


STORE TAX DOLLARS 
INCREMENT LINE COUNT 
TEST TF LAST INVOICE LINE. 


PRINT SUR@TOTAL | - 
ENABLE TOTAL INVOICE PK 
POSITION TO ADDON ALF 
TEST IF FIRST ADDON 


TEST TF LAST INVOICE LINE 
BEGIN CONTINUATION PAGE 
TEST IF FIRST ADDON 


ia PROGRAM IO, = 
~ wORD 
| SYL 


48 


49 


50 


21 


32 


Ww MN | & 


Ww Mw w= © 


w N= Ss 


Ww NY —- 3 


198 


199 
200 
201 
202 


203 


204 
205 
206 


207 
208 
209 
210 
211 
212 
213 
214 


215 
216 
217 
218 


Ss Oo D> 5 


DATE RUN 3/26/70 


— 2 <S. 32 


> re a o> 


—~ Oo Oo Oo 


SRI 
SET. 


SRJ 


SRJ 
Al. 
POS 
TK 


POS 


NKR © 


SRJ 
FX 


AN)M 
SK 


ADM 


ANM 


FX 

BRU 
POS 
NKR 


TIME = 12248 
A=PARAMETER 
IN 


LAAREL 


Y 


ANLNCK 
xX 

7 
SURTOT 


CANTPG 
1 


ANNNe#p 


1 


NET=P 
7 
PNUMRC 
A 


TADONM 
A 

TANNNP 
INVNET 


Y 


CSTX#=P 
5 


VERSION 02=0170 
EL 


B 
PAR 


GC oOLAR 
PAR DEC 
1 

90 
2 
86 
B0 
59 
76 
77 
1 
128 
127 
124 
1 
54 
98 


R 
E 


QU 


PAGE 010 
REFMARKS 


TEST TF BOTTNM OF INVOICE 


INCREMENT LINE COUNT 

SFT X4 INVOICE HAS ANDONS 
TEST TF LAST INVOICE LINE 
PRINT SUBTOTAL 


RFGIN CONTINUATION PAGE 
ADVANCE LEFT ONE LINE 
POSITION TO ADDON ALF 
XTYPE ADDON NESCP. 


POSITION TO NET COLUMN) 
XTYPE ADDON COST AMOUNT 
PRINT ADDON AMOUNT 

TEST TF MINUS 


AND TO ANNONS MINUS 
TEST IF PLUS 
AND TO ADDONS PLUSSES 


ADD TO TOT NET INVOICE § 


TEST TF STANDARD INVOICE 
BRANCH TO CHECK LINE CT 
PNSITION TO COST COLUMN 
XTINNEX ANDON COST AMOUNT 


erp 


PROGRAM ID, * NATE RUN 3726770 TIMF = 12:48 VERSION 020170 PAGE O11. 
WORD OBJECT SEQ, SYM, np FO, A#PARAMETER R C LABEL REMARKS 
SYL CNDE NO, LOC, CODE LN, LAREL INC PAR PAR DEC EQU 
53 0 24d 219 9 SRuJ PNUMRC 77 PRINT ADDON COST AMOUNT 
1 8070 220 0 ANM INVCST 125 AND TO TOT INV TOT CNST 
2 asc1 221 0 FX A 1 TEST ITF MINUS 
3 BNB2 222 9 ADM TANNGM 130 AND Tn CONST TOTAL MINUS 
54 0 41C1 223 SK A 1 TEST TF PLUS 
1 8081 224 ADM TADNCR 129 AND TN CONST TOTAL PLUS 
2 2062 225 0 SR CKLINE 98 INCREMENT LINE COUNT 
3 7TA2E 226 0 BRU ANNONS 46 BRANCH TN NEXT ANDON 
55.0 4541 227 9 TOTALI EX x 1 TEST IF ANDONS ON INVOICE 
1 2256 228 0 SRJ SURTOT BA PRINT TOTALS 
2 4558 229 0 EX Y 1 TEST TF STANDARD INVOICE | 
3 7R01 230 0 RRU BFGINV 1 BRU TN NEXT INVOICE 
56 0 3A7C 231 9 TRA INVNET 124 TRANSFER TOTAL NET INV, 
1 QRAF 232 0 SUA WRKREG 111 SUBT TAX FROM NET 
2 9Aa7D 233 SiA INVCST 125 SUBT COST FROM NET 
3 FE R56 234 0 POS PRTY=p A? POSITTON TO PRINT PROFIT 
57 0 acral 235 0 SRJ PNUMRC 77 PRINT PROFIT AMOUNT 
1 TAO 236 0 BRU RFE GINY 1 BRANCH TN NEXT INVOICE 
2 2041) 237 90 INVeNO SRJ AR@PNS 77 ADVANCE FORM PNSTTION 
3 CABA 238 0 PA FRSTIN 182 PRINT ALFA FRSTIN 
58 0 FFO2 239 0 AR 2 ADVANCE RIGHT TWO LINES 
1 ER77 240 0 PNS 129 PNSITION FOR PRINT 


& PROGRAM ID. 


AN 


* WORD 


59 


60 


61 


62 


63 


SYL 


w roe oO Wh Ff OO WN He DBD WN 


wn = oO 


re re © 


tad 


PATE RUN 


SEO, 
NG. 


241 
242 


243 


244 


245 
246 


247 
248 
249 
250 


251 
252 
253 
254 


255 
256 
257 
258 


259 
260 
261 
262 


SYM, 
LOC, 


DLYTOAT 


3/26/70 | 


OP 


CODE 


NK 
PN 


TRM 
SRJ 
PA 
AR 


POS 
LKBR 
TKM 
SRU 
PA 
PNS 
AR 
NK 


PN 

TRM 
BRU 
POS 


AR 
PA 

POS 
RR 


FD, 
LN 


TIME = 


LAREL 


-INVNO 


AR#POS 


Dart 


2 


120 - 


DATE 
1? 
AR#POS 


TXRT 
120 
2 

2 


? 
TAXCST 


INTTAL 
129 


5 
HF ADNG 
141 


12248 


A=PARAMETER B 
! PAR 


VERSION ehiees 


C 


113 
77 
190 


115 


77 


186 


121 


139 


LA 
PAR DEC. TF OU 


PAGE O12 
R F M A R « ‘S$ 


XINDEX INVOICE NDe 
PRINT INVOICE NUMBER 


STORE INVOICE NO- 
ADVANCE FORM POSITION 


PRINT ALFA DATT 
ANVANCE RIGHT ‘THO LINES 


POSITION FOR PRINT 


LOAD DATE BASE M.Aq 
XTYPE DATE 7 
ADVANCE FORM POSITION 


PRINT ALFA TXRT 
POSITION FOR PRINT 
ADVANCE RIGHT TWO LINES 
XTINDEX TAX RATE 


PRINT TAX RATE 
STORE FIRST TAX RATE 


BRU TH INTTIALIZE 
POS SUMMARY HEADING 


ADVANCE RTGHT FIVE. LTNES 


PRINT ALFA MESSAGE 


PRINT DATE IN REN 


St 


PROGRAM ID, - 


WORD 


64 


65 


§ 


66 


67 


68 


69 


YL 


—- 3S 3O 2 


NATE RUN 


SYM. 
LOC, 


OLYNET 


3/?P46/70 


OP 
COOE 


PA 
AR 
PNS 
PA 


AR 

POS 
TRA 
SRJ 


|_TR 
IR 
TTR 
FX 


BRU 
ANTR 
AR 
POS 


MOD 
PA 

MOD 
TRA 


AR 
POS 


aD 
LN 


TIMF @ 


12:48 


AePARAMETER 
LAREL INC 


DATE 


2 
129 
T#=GROS 


1 
134 
TaROSS 


PNIIMRG 


VERSION 0280170 


B 
PAR 


115 
176 
133 
77 
0) 
2B 
T 1 
70 
3 
144 
126 


C LABEL 
PAR DEC EQU 


PAGE 013 
RFMARKS 


PRINT CURRENT DATE 
ADVANCE RIGHT TWO LINES 
PMSITTON FOR PRINT | 
PRINT ALFA MESSAGE 


ANVANCE RIGHT ONE LINE 
PNSITTON FOR PRINT 
TRANSFER TOTAL GROSS 
PRINT TOTAL GROSS 


LNAD INDEX REGISTER 
LOAD INDEX REGISTER 
TEST FOR THE 7 LOOP 
EXECUTE JF Loop 7 


EXIT LOOP 
INCREMENT BY FOUR 
ANVANCE RIGHT FOUR LINES 
PASITTON FOR PRINT 


MNOTFY BY REGISTER #? 
PRINT ALFA MFSSAGE 

MNDIFY BY REGISTER #1 
TRANSFER NET, COST AMOUNT 


ANVANCE RIGHT TWN LINES 
POSITTON FOR PRINT 


& PRUGRAM ID, = 
iN 


“MATE RUN 3/26/70 TIME = 12248 
SWORD OBIE al 


T SEQ, SYM. Pp ), A=PARAMETER 
Ni LAREL INC 


VERSION 02-01-70 p RAGE O18 


B C LABEL REMARKS 
PAR PAR DEC EQu a 


70 


71 


72 


73 


74 


Syl cn 


WwW N= © 


Ww MN - © 


a oo. 5 


C 
E | 0. 


2290 


or 


o 235 3 


FINAL 


° N FO, 
LOC. CODE LN, 


DLYNET. 
| 


129 


TOTSe 
| 
134 


TOTSCT 


PNUIMRC 
2 

199 
ACT 


7 
TADONM 
TANONP 
TNET 


PNUMRC 
2 
120 


TNC 


178 


134 


143 


128 
127 
126 


145 


SHIFT IF MINUS 
PRINT #» JE MINUS 


INCREMENT INDEX REG BY 1 
REPEAT LOOP — 
ADVANCE RIGHT FOUR LINES 
POSITION FOR PRINT. 


ANVANCE RTGHT ONE LINE 
POSITION FOR PRINT 
TOTAL DISCOUNTS = 


PRINT TOTAL DISCOUNTS 
ADVANCE RIGHT TWO LINES 
POSITION FOR PRINT -— 
ALFA MESSAGE - ei 


ANVANCE RIGHT ANF LINE 
AND MINUS ANNDONS~ 
ADD —s- PLUS. ADDONS 

ADD PRODUCT NET 


PRINT ACCT REC NET 
ANVANCE RTGHT TwO LINES 
POSITTON FOR PRINT | 

PRINT ALFA MESSAGE - 


Lv-v 


PROGRAM ID, = 


WORD 


75 


77 


78 


’9 


SYL 


NATE RUN 
SYM, 
LOC. 

) 

a) 

) 

a) AR=PQOS 

Q 

0 

0 PNUMRC 

9) 

N 

0 PT=PRC 

0 

0) 

0 

0 


3/26/70 


NP 
CNOE 


AR 

PAS 
TRA 
ADA 


ADA 
SRJ 
AR 


RRY 


AR 
PQS 
SRR 
PNS@ 


PC-# 
SRR 
POS 
SK 


PN 
SLRA 
EX 
PN 


TRM 


F 
L 


TIMF -# 


D, 
N. 


12348 


A»PARAMETER 
LARE LL. INC 


1 

1364 
TCOSTS 
TAONCP 


TANNCM 
PNUMRC 
20 

INTTAL 


SMeH[)P 


1 
SPRC#P 


NN WD = 


PAR 


VERSTON 


120 


43 


123 


02-01-70 


C LAREL 
PAR DEC EQU 


PAGE 015 
RF MAR K § 


ADVANCE RIGHT ONE LINE 
POSITION FOR PRINT 
TRANSFER TOTAL COSTS 
AND PLUS CNST ADDONS: 


AND MINUS CONST ANDONS 
PRINT TOTAL NET COSTS 
ANVANCE 20 LINES 
BRU TO INITIALIZE 


ADVANCE RIGHT Twn LINES 
PNS PRINT 

SUBROUTINE RETURN 

PRINT MONTERY VALUE 


PRINT = TF MINUS 
SUBROUTINE RETURN. 
POSITION TO SELL PRICE. 
TEST PRICE FOR MILLS © 


CENTS MASK 
TWO POSITIONS 
FOR MILLS | 
MILLS MASK 


PRINT WITH 
SHIFT LEFT 
TEST PRICE 
PRINT WITH 


TRANSFER SELL PRICE 


aN ar 
© WORD 
SYL 


81 


82 


Bg 


84 


85 


WwW MN = © 


jw NN = © 


NATE RUN 


SYM, 
LOC, 


CONTPG 


3/26/70 


OP 
CODE 


SRR 
TRM 
nc 


TK 
PNS 
PA 
LLCR 


ALTO 
POS 
PC 

PC 


PC 
PC 
TRA 
PN 
— ANK 
TRM 
TRA 
SKZ 
SUK 
TRM 
ALTO 


FD, 
LN, 


TIMF = 


—A@PARAMETER 
LAREL 


- 


4 


WRKREG 
SLOTOL 
O07 

NMAD=P 
CUSTNM 
SLOTOL 


 SHPTOL 
CNTP#P 


P 
A 


G 
E 
PAGENO 
2 


a 


PAGEND 
INVND 
2 


0 
INVNO 
RTRBL 


+ 


+ 


12348 


I 


NC 


1 
7 


VERSTON 02780170 


RB 
PAR 


C 
PAP 


LAREL 
DEC EQU 


112 


114 
113 


113 
20 


PAGE O16 
OR cM A RK 5 | 


SUBROUTINE RETURN. 
TEMPORARY STORE AMOUNT 
ANVANCE TON CUSTOMER NAME 


CHANGE INVOICE 


POSITION TO PRINT 
PRINT CUSTOMER NAME - 
LNAD SOLD To LINE NO, 


ADVANCE 10 SHIP TO. LINE, 


PNSITTON TO PRINT 
PRINT. "PAG 3Em | 


TRANSFER PAGE NUMBER 


PRINT PAGE No, 


AND 1 TO PAGE NO. 


STORE PAGE Nn. 
TRANSFER INVOICE NO, 
TEST IF ZERO | 


SUBT 1 FROM TNVOICE NO, 


STORE INVNICE NO, 
ANVANCE TN RIBBON LINE 


PROGRAM ID, = NATE RUN 3/26/70 TIME = 12348 VERSION 020170 PAGE 017 
WORD OBJECT ~~ SEQ, SYM, NP FD, A@=PARAMETER B C  _LAREL REMARKS 
SYL  -GNDE NO. LOC. CODE LN, LAREFL INC PAR PAR DFC EQU 
3 2A5E 350 0 SR DATFeJ 94 PRINT DATE & INVOICE NO 
86 0 3870 351 TRA WRKREG 112 TRANSFER STORED AMOUNT 
1 = OA00 352 9 SRR 1 SUBROUTINE RETURN — | 
2 3070 353 0 SUBTNT TRM WRKREG 112 TEMPORARILY STORF AMNUNT 
3 ER4E 354 0 POS NET =P 79 POSITION FOR UNDERSCORE 
B7 0 CRBI 355 9 PA UNNERS 137 PRINT UNDERSCORE 
1 4958 356 0 SK Y 2 TEST FOR INVOICE COSTING 
2 ER64 357 0 PNS CSTX=Pp 101 POSITTON FOR UNDERSCORE 
3 CAB9 358 PA UNNERS 137 PRINT UNDERSCORE 
68 oO = ENOL 359 0 AL 1 ANVANCE LEFT ONE LINE 
oA FR4B 360 0 POS NET=P 76 PNSITION TO NET AMOUNT 
2 3A7C 361 0 TRA INVNET 124 TRANSFER TOTAL NET AMOUNT 
3 2C4D 362 0 SRU PNUMRC 77 PRINT TOTAL NET AMOUNT 
89 0 4358 363 0 SK Y 3 TFST FOR INVOICE COSTING 
1 FR61 364 0 PNS CSTX=P 98 PNSITION TO COST AMOUNT 
2 3870 365 0 TRA INVCST 125 TRANSFER TOT. COST AMOUNT 
3 2ra0 366 0 SRJ PNUIMRC 77 PRINT TOTAL COST AMOUNT 
90 0  3A70 367 TRA WRKREG 112 TRANSFER STORED AMOUNT 
1 0400 368 0 SRR 1 SUBROUTINE RETURN | 
2 5402. 369 0 ADLNCK ADIR 4 ADD 2 TO LINE COUNT 
3 4684 370 9 FX T 2 TEST FOR LAST LINE 
910 371 9 SRJ CONTPG B0 PRINT TOTAL & CONT, PAGE 


60-7 


2850 


— PROGRAM 1D, = 
n 


© wORD 
S 


92 


93 


94 


95 


96 


YL 


0400 
5CE8 
0400 


5300 
6300 
DRTC 
5SRBOA 


AhBA 


BF OO 
2904n 
N411 


7000 
7A45C 
FR4I 


C873 


ER4F 
387] 
4306 
D450 


BF O] 
3071 
4A5D0 


SFQ. 
NO. 


372 
373 
374 


375 
376 
ITF 
378 


379 
380 
381 
382 


383 
384 
385 
386 


387 


388 
3R9 


390 


391 
392 
393 


DATE RUN 


~~ 2D DO 2 


SYM, 
LOC, 


CLRMEM 


3/26/70 


NP FD, 
CODE LN, 


SRR 
NTR 
SRR 


LTR 
MD 
CLM 
LTR 


FX 
CLA 
SRJ 
PN 

BRU 
ARU 
POS 
PA 


POS 
TRA 
SkKZ 
PN 


ADK 
TRM 
EXZ 


TIMF = 12348 


Aw PARAMETER 
LAREL INC 


3 
3 
INVNET 


AR®PDS 


INTTAL 
CLAMEM + 1 
DATE Pp 

DATE 


INVNOP 
TNVANO 
3 

9 


0 
INVNO 
1 


VERSION 02801270 


B C LAREL 
PAR PAR DEC EQU 


232 


4 


124 


77 


PAGE 018 
RF MARK SS. 


SUBROUTINE RETURN | 
SUBT 1 FROM LINE COUNT 


SUBROUTINE RETURN 


LAAN FOR COUNTER © 
MODIFY WITH COUNTER 
CLEAR MEMNRY LOCATION 


CONTROL NUMBER OF LOMPS 


TEST TF LAST TOTAL | 
CLEAR ACCUMULATOR © 
ADVANCE FORM PNSTTION 
PRINT ZERN 


BRU TN INTIAL TZE 

BRU TN CLEAR NEXT TOTAL 
POSITTON TO NATE 

PRINT CURRENT DATE 


POSTTTON TO INVOICE NO, 


TRANSFER INVOICE NO} 
TEST FOR 7ERN 
PRINT INVOICE NUMBER 


AnD 1 TO INVNTCE NO, 
STORE INVOICE NO 
TEST FOR ZERO 


a4 


PROGRAM ID, = DATE RUN 3726/79 TIMF = 12248 VERSION 027#01270 PAGE 019 


WORD OBJECT SFO, SYM, np FO, A*PARAMETER R C LAREL RF MARK S§ 
SYL CONDE NO. Loc. CNDF LN, LAREL TNC PAR PAR DEC EQU 
3 ACO? 394 0 TK 7 XTYPE INVOICE NO, 
97 0 SOFA 395 0 LIR 4g 234 LOAD FOR LINE COUNT 
6553 396 0 RST f 44 RESET Y 4 AND 1 
2 F914 397 9 ALTO BNOYL 22 ANVANCE TO INVOICE BNDY 
3 0400 398 0 SRR 1 SUBROUTINE RETURN 
98 0 ANS] 399 9 CKLINE SK Y MN 4 TEST TF LAST SIX LINES 
1 SRER 400 ITR 4 248 INCREMENT FOR LINE COUNT 
2 4184 401 0 SK T T i TEST FOR 17TH LINE 
3 0400 402 0 SRR 1 SUBROUTING RETURN 
403 9 NOTE SFT Y FOR LAST 6 LINES IN 
99 9 6751 aoa a . SFT Y h BNDY NF INVOTCE REACHED 
1 5AFF 405 0 ITR 4 255 INCREMENT LINE COUNT 
2 0980 406 ALARM WARN NMPERATOR ROTTOM INV, 
3 4584 4o7 9 FX T T 1 TEST FOR LAST LINE 
100 0 6752 408 0 SET Y 1 SFT Y1 FOR CONT, PAGF 
| 1 0400 4o9 SRR 1 SUBROUTINE RETURN 
2 306F 4170 0 CTMILL TRM WRKRE ( 111 TRANSFER PRICE TO M,A, 
3 027N90 411 90 SLRO 12 a) SHIFT OFF DOLLARS & CENTS 
101 0 4700 412 9 EXZ 3 TEST IF ZERO MILLS 
1 ZRG6F 413 0 TRA WRKREG 111 TRANSFER PRICE 
_ 070? aya SLRNO 0 2 REPOSTTION FOR CENTS ONLY 
3 0400 415 9 SRR 1 SURROUTINE RETURN 


PROGRAM ID, = 
WC 


~ wORD OBJEC 
SYL CNDE 

102 0 3A6F 
1 0207 

2 4300 

67C1 

103 0 0980 
0400 

2 3R6F 

3 67C2 

104 0 0400 
| 6558 

2  7AO01 

3 &9onNn0 

105 0 7839 
1 7C3E 

2 7026 

3 3879 

106 0 7468 
| 7937 


2 ©6770 900 


oS -S- oo 


NATE RUN. 


ae | . 


SYM, 
LOC. 


IVCOST 


PKTARBL 


3/26/70 


NP 
CODE 


TRA 
SLR 
NOTE 
SKZ 
SET 


ALARM 


SRR 
TRA 
NOTE 
SET 


SRR 
RST 
BRU 
STOP 


WORD 
BRU 
BRU 
BRU 
TRA 


BRU 
BRU 
BRU 


TIME = 


FD, 
LN, 


12248 


AwPARAMETER 
LAREL INC 


WRKREG 
‘ 


1 
WRKREG 


BFGINY 


INVeNA 
DLYTOT 
INVTOT 
TAXCST 


IVCOST 
TNTALT. 


INTTAL 


in 


VERSION 02=01¢70 


R C LAR 
PAR PAR DEC 


$11 


nN 


PAGE 020 


EL REMARK S 
EQU a 


TRANSFER PRICE 

SHIFT OFF 7 DIGITS 

TEST TF MORE THAN SEVEN 
DIGITS WERE INDEXED 
YES» SET = FLAG 


WARN MPERATOR ERROR PRICE 
SUBROUTINE RETURN | 
TRANSFER PRICE | 

SFT FLAG TO INDICATE 
CENTS AND MILLS 


SUBROUTINE RETURN. 

RESET STANDARD INV. FLAG 
BRU TO INVOICE ROUTINE 
*» INSERTED BY ASSEM, ** 


PROGRAM KFY TABLE 

BRU LOAD DATE INV NO TAX 
BRU TN PRINT DAILY TOTALS 
BRU TN SURTOTAL ~ 
TRANSFER TAX PERCENT 


BRU TN COST INVOICE 
BRU TN TOTAL INVOICE 
BRU TON INITIALIZE 


PROGRAM ID. = NATE RUN 3726/70 TIME = 12:48 VERSION 02-01-70 PAGE 021 


WORD OBJECT SEQ, SYM, MP FD, ~A@PARAMETER B C LABEL RFMARKS 
~ SYL CNDE NA, toc: cODE LN? LABEL INC PAR PAR DEC EQU 
3 705C 437 0 BRU CLRMEM 92 0 BRU TN CLEAR MEMORY 


438 0 PAGE 


eS-p 


108 
108 


109 


109 


. to. 
110 


111 


(113.0 
114 «0 


DATE RUN 


SEQ, 


44() 


44} 


442 


443 
aaa 
445 


SYM. 


Loc, 


MASKTRB 


WRKREG 
INVNQ 
PAGEND 


3/26/79 


NP 
CONDE 


MASK 


MASK 


MASK 


MASK 


REG 
REG 
REG 


TIMF @# 417248 © 


F 
L 


15 


16 _ 


15 


16 


Ve: 
N. 


AwPARAMETER 
NC 


R  ¢ LAREL | 
LAREL if PAR PAR DEC EQU 


Z77 92772 e222,2772 


Ze72Ze22Z729222,NN 


Z7,Z275227,CCCCE 


Z7I77EZZZZZZ7ZZ2Z XS 


VERSION 029*01"70-. 


SE OMA: ROK Sue Pace 


NUMERTC 

we INSERTED BY 
te INSERTFD BY. 
*«* INSERTED BY 
ee INSERTED BY. 


ASSEM, 
ASSEM, 
ASSEM, 
ASSEM, 


MONETARY ZERO PRINT 
#* INSERTED BY ASSEM, 


4a INSERTED BY ASSEM, 


#* INSERTED RY ASSEM, 


+# INSERTED BY ASSEM, | 


MONETARY WITH MILLS 
«* INSERTED BY ASSEM, 


«#* INSERTED RY ASSEM, 
4% INSERTED RY 


-ASSEM, 


** INSERTED RY ASSEM, 


“HUNDREDS PERCENT $ NO 


** INSERTED RY ASSEM, 
#» INSERTFD BY ASSEM, 
ts INSERTED BY ASSEM, 
e+ INSERTFD 8Y ASSEM, 


GFNERAL WORK REGISTER 


INVOICE NUMBER | 


PAGE NUMRER 


PAGE 022-. 


wy 
ne 
ad 


v & 


*& * 
&* 
* * 


ee 


* & 
* 


** 


wt 


nt 


* 


* % 


&& 


425 


Ssh 


122 


PRUGRAM ID. = 


WORD ~—OBJE 
~sYL ND 


C 
E 
115 


117 
121 


123 
124 


126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
135 5000 
0000 
0000 
000 


wnrneoocecvcwcociecoctectosctoooe000 


136 
136 0 


© 


— 0000 


t 


0900 


463 


DATE RUN 


Cc 0 


So 3D 0 232 32 0393 9393 0793 0 23232 59° 32 090 8S 


DATE 
CUSTNM 
TAXCST 


Qty 


PRICE 
INVNET 
INVCST 
TNET 
TADONP 
TADONM 
TADNCP 
TADNCM 
TTAXES 


TCOSTS 


TGROSS 
TOISCT 
TEST 


SAME 


3/26/79 


ALF 


TIME = 
D, A-=P 
N. 


#PAR 
LAREL 


Cee eee ee oe co oe oe, we ee ee oe =), © 


4 5900 


4 SAME 


12348 VERSION 0280170 
AMETER B C LABEL REM 
INC PAR PAR DFe EGU REY aOR KS 


CURRENT DATE 
CUSTOMER NAME 

TAX CONSTANT 
INVOICE QUANITY 
INVOICE PRICE 
INVOICE NET TOTAL 
INVOICE COST TOTAL 
TOTAL NET SALES 
TOTAL PLUS ANDONS 
TOTAL MINUS ADDONS 
TOTAL 
TOTAL 
TOTAL 
TOTAL | 
TNTAL GROSS SALES 
‘TOTAL DISCOUNTS 

TEST VALUE 5000 — 

#* INSERTED BY ASSEM, 
#* INSERTED BY ASSEM, 
#+ INSERTED BY ASSEM, 
+s INSERTFD RY ASSEM, 


MINUS ADDONS _ 
TAXES 
COSTS 


we INSERTED RY 
awe INSERTED BY 


ASSEM, 
ASSEM, | 


PAGE 023 


PLUS COST ADDONS 


we 


we 


2 


&* 


* & 


ae 


& PROGRAM ID, = 


% wORt) 
SYL 


137 


137 


138 


139. 


139 


140 


144. 


OBJE 
0 


C 
CNDE 


4nas 
5341 


SF SF 
5F5F 
SF5F 
SF5F 


0000 


T 


0900 


5FO00 
SF SF 


2054 


4059 


alas 
2044 


NING 
5320 
41ac 


AFDSS 


2920 


2F20 


DATE RUN 3726/70 TIME = 12248 VERSTON 


SEQ, SYM, np FD, A@PARAMETER RB CC LAREL 
NO. ioc. CODF LN: LAREL INC PAR. PAR DEC EQU 
464 0 UNDERS ALF 11 comeumecnee 


465 0 HEADNG ALF 24 MATLY TOTALS FOR... 


02-0170 


wk 


we 


INSERTED 
INSERTED 


UNDERSCORE 


we 


* *. 


INSERTED. 
INSERTED. 
INSERTED 
INSERTED 


INSERTED 


INSERTED 


INSERTED 


INSERTED. 


INSERTED 


INSERTED 


INSERTED 


INSERTED 


INSERTED. 


INSERTED 
INSERTED 
INSERTED 


INSERTED 


INSERTED 


PAGE 024 
RFMARKS  — 


RY 


BY 


BY. 


BY 


RY. 


BY 


RY 
BY 
BY. 


BY 
RY 
RY 


RY 


RY 


RY. 


RY 
RY 


RY 
RY 


ASSEM, 
ASSEM, 


ASSEM, 
ASSEM,: 
ASSEM, 
ASSEWM, 


ASSEM, 
ASSEM, 
ASSEM, 
ASSEM, 


ASSEM, 
ASSEM, 


ASSEM,. 


ASSEM, 
ASSEM, 
ASSEM, 
ASSEM, 


ASSEM, 
ASSEM, 


ASSEM, * 


Lov 


PROGRAM ID 


WORD 


142 


143 
143 


144° 


145 
145, 


(146 


Ww NM - © 


SYL 


Ww NY = 3 OO 


~0000 


4543 
2952 
4343 
2041 


0000 


0000 
4554 
—204E 


4020 
5441 
S44F 
2020 


5354 
434F 


DATE RUN 
NO. LOC, 
466 0 ACT 
467 0 TNC 


3/26/70 


OP 
CODE 


ALF 


ALF 


TIME © 12248 


FD, A=PARAMETER B C LABEL 
LN, LAREL INC PAR PAR NEC EQU 
12 ACC REC NET 

16 TOTAL NET CNST 


VERSION 02-01-70 


REMARK §S 


INSERTED 


INSERTED 


INSERTED 
INSERTED 
INSERTED 
INSERTED 


INSERTED 
INSERTED 
INSERTED 
INSERTED 


INSERTED 
INSERTED 
INSERTED 
INSERTED 


INSERTED 
INSERTED 
INSERTED 
INSERTED 


INSERTED 
INSERTED 


BY 


BY 


RY 
BY 
BY 
RY 


BY 
BY 
BY 
BY 


RY 
BY 


BY 


BY 


BY 
BY 
BY 
RY 
RY 
BY 


ASSEM, 
ASSEM, 


ASSEM, 


ASSEM, | 


ASSEM, 
ASSEM, 


ASSEM, 


ASSEM, 


ASSEM, © 


ASSEM, © 


ASSEM, 
ASSEM, 
ASSEM, 


ASSEM, | 


ASSEM, 
ASSEM, 
ASSEM, 


ASSEM, 


ASSEM, 
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S PROGRAM ID, = 
WC 


—© woRN 
's 


147 


148 
148 


149 


150 


151 


NATE RUN 
SEQ, SYM, 
NO. LOC. 

TNS 


468 0 


3/26/70 


NP 
CODE 


ALF 


FN, 
LN 


24 


TIME * 12248 


A=PARAMETER 


R C LABEL 
LAREL INC PAR PAR DFC EQU 


TOTAL NET SALFS 


VERSION 02#0170 


PAGE 096 


RF MARK § 


INSERTED 
INSERTED 


INSERTED 
INSERTED 
INSERTED 
INSERTED 


INSERTED 
INSERTED 
INSERTED 
INSERTED 


INSERTED 
INSERTED 


INSERTED 
INSERTED 


INSERTED 
INSERTED 
INSERTED 
INSERTED 


INSERTED B 


INSERTED 
INSERTED 


ASSEM, 


ASSEM, 


ASSEM, 
ASSEM, 


 ASSEM, 


ASSEM, 


ASSEM, 
ASSEM, 
ASSEM, 


ASSEM, 


ASSEM, 
ASSEM, 
ASSEM, 
ASSEM, 


ASSEM, 
ASSEM., 
ASSEM, 
ASSEM, 


ASSEM, 
ASSEM, 


ASSEM, | 


6S-p 


PROGRAM ID, ° 


152 
152 


153 


154 


155 


154 
156 


w NO KE S&S 


Ny - S&S & 


DATE RUN 
SE SYM, 
NE Loc. 
469 0 
470 Q 


3/26/70 


ALF 


ALF 


24 


a” 


tise. # 
Aw 


PAR 
LAREL 


12:4 


AMET 
I 


8 
ER 
NC 


VERSION 02=01°70 


B C LAREL 
PAR PAR DEC EQU 


$ 


TOTAL PLUS ADDONS 


TNTAL MINUS ANDONS 


INSERTED 


INSERTED 
INSERTED 
INSERTED 
INSERTED 


INSERTED 
INSERTED 
INSERTED 
INSERTED 


INSERTED 
INSERTED 
INSERTED 
INSERTED 


INSERTED 
INSERTED 
INSERTED 
INSERTFO 


INSERTED 
INSERTED 
INSERTED 


RY 


BY 
BY 
RY 
RY 


BY 
RY 
RY 
BY 


RY 
RY 
RY 
RY 


RY 
RY 
BY 
BY 


RY 
BY 
BY 


PAGE 0?7 
REMARKS 


ASSEM, 


ASSEM, 
ASSEM,. 
ASSEM, 
ASSEM, 


ASSEM, 
ASSEM, 
ASSEM, 
ASSEM, 


ASSEM, 


ASSEM, 


ASSEM, 
ASSEM, 


ASSEM, 
ASSEM, 
ASSEM, 
ASSEM, 


ASSEM, 
ASSEM, 
ASSEM, 


1 
on 
ron) 


PROGRAM ID, = 


WORD 


157 


158 


159 


160 
160 


161 


SYL 


wa N = © 


471 


NATE RUN 


SYM, 
LOC, 


() 


3/26/79 


OP 
CODE 


ALF 


24 


12:48 


=PAR ) 
AREL PAR PAR DEC. 


TOTAL PLUS COST ANDONS 


RB 
EQU 


VERSTON 020170. 
AMETER B C LABEL 
INC 


REMARKS 


INSERTED 


INSERTED 
INSERTED 
INSERTED 
INSERTED 


INSERTED 
INSERTED 
INSERTED 
INSERTED 


INSERTED 


INSERTED 
INSERTED 
INSERTED 


/ INSERTED) 
INSERTED 
INSERTED 
INSERTED 


INSERTED 
INSERTED 


INSERTED 


INSERTED 


ay 
RY 
RY 
RY 


RY 
“RY 
RY 
RY 


BY 


RY 
BY 
BY. 


BY 
BY 
BY 
RY 


RY 


BY 
RY 


RY 


‘BY ASSEM, 


‘ASSEM, | 
“ASSEM, * 
clink. “a 
‘ASSEM, © 


ASSEM, & 
‘ASSEM, | 
ASSEM, * 
‘ASSEM, * 


ASSEM,. 
ASSEM, * 
NSSEM, 

ASSEM, 


‘ASSEM, 
“ASSEM, 
‘ASSEM, * 


ASSEM, 


ASSEM, 
ASSEM, 


PAGE 078 — 


19 


PROGRAM ID, = 


WORD 
SYL 


162 


163 


164 
164 


165 


166 


Ww NM -—m © 0. 


wn KF OO 


wn = Oo. 


Ww N = ©. 


NATE RUN 
SEQ SYM, 
NQ. LOC, 
472 0 


3/26/70 


NP 
CODE 


ALF 


TIME = 


FO, 
LN, 


24 


12348 


Aw=PARAMETER 
LAREL 


B C LABEL 
INC PAR PAR DEC EQU 


TOTAL MINUS COST ADDONS 


VERSION 07-0170 


PAGE 029 


RF MAR K § 


INSERTED 
INSERTED 
INSERTED 


INSERTED. 


INSERTED 
INSERTED 


INSERTED 


INSERTED 


INSERTED 
INSERTED 
INSERTED 


INSERTFD 


INSERTED. 


INSERTED 
INSERTED 
INSERTED 


INSERTED 
INSERTED 
INSERTED 
INSERTED 


BY 


RY 
BY 


RY 


RY 
RY 
RY 


BY 


ay 
RY 


RY 


RY 


RY 
BY 


RY 


BY 


RY 
BY 
RY 


ASSEM, 


ASSEM, 


ASSEM, 


ASSEM, 


ASSEM, 
ASSEM, 
ASSEM, 
ASSEM, 


ASSEM, 
ASSEM, 


ASSEM, 


ASSEM, 


ASSEM, 
ASSEM, 
ASSEM, 
ASSEM, 


ASSEM, 
ASSEM, 
ASSEM, 


ASSEM,. 


we 


ak 


N 


8 WORD 
YL 


167 0 


168 
168 


169 


470 


a7 


4720 


Ww NN = © 


& PROGRAM ID, = 
OBJE 
cno 


DATE RUN 3/26/70 


473 9 


474 0 


TIME = 12248 © 


OP FD, A@PARAMETER 
CADE LN. LABEL INC 


ALF 24 TOTAL TAXES 


ALF 24 TNTAL COSTS 


~~ VERSTON 02801"70 


B C LABEL 
PAR PAR DEC EQU 


RFMARKS 


INSERTED 


INSERTED 
INSERTED 


INSERTED 


INSERTED 
INSERTED 
INSERTED 


INSERTED 


INSERTED 


INSERTED 
INSERTED 
INSERTED 


INSERTED 


INSERTED 
INSERTED 
INSERTED 


INSERTED 


INSERTED 
* INSERTED 
INSERTED 


ay 


BY 


BY 
BY 


BY 


RY 
BY 


BY 


By 


BY 
BY 
BY 
BY 
BY 
BY 
RY 


BY 


RY. 
BY 


BY 


ASSEM, + 
ASSEM, 
ASSEM, 
ASSEM, | 


ASSEM, 
ASSEM, 


ASSEM, 


ASSEM, — 


ASSEM, 
ASSEM, 
ASSEM, 1 
“ASSEM,— 


ASSEM, 
ASSEM, 
ASSEM, 
ASSEM, «* 


ASSEM, + 
ASSEM, 
ASSEM, 
ASSEM, 


PAGE 030 © 


PROGRAM ID 
WORD 


ate 


173 


(174 


175 


176 


176 


SYL 


i 


BJECT 
CAND 


DATE RUN 
EQ SYM, 
NO. LOC, 
475 0 T#GROS 


3/26/70 © 
np FD 
CONF LN 
ALF 14 


TIME 


- 12348 


. A=PARAMETER 
® LAREL INC 


TOTAL GROSS 


VERSION 0220170 


B C LABEL 
PAR PAR DEC EQU 


REMAR K § 


INSERTED 
INSERTED 
INSERTED 
TINSERTED 


INSERTED 


INSERTED 
INSERTED 
INSERTED 


reer: 


INSERTED 
INSERTED 
INSERTFD 


INSERTED 


INSERTED 
INSERTED 
INSERTED 


INSERTED 
INSERTED 
INSERTED 
INSERTED 


INSERTED 


BY 


BY 


BY 
RY 
BY 
BY 


BY 


BY 


BY 


BY 
BY 
BY 


BY 


BY 
RY 
RY 


BY 
BY 
RY 
BY 


RY 


ASSEM, 
ASSEM, 


ASSEM, 


ASSEM, 
ASSEM, 
ASSEM, 
ASSEM, 
ASSEM, 


ASSEM, 
ASSEM, 
ASSEM, 
ASSEM, 


ASSEM, 


ASSEM, 
ASSEM, 
ASSEM, 


ASSEM, 


ASSEM, 
ASSEM, 


ASSEM,. 


ASSEM, 
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rb 


PROGRAM ID, = 


WORD 


178 
178 


179 


180 


181 


182 
182 


YL 


OBJE 
cno 


476 0 


477 9 


NATE RUN 


SYM, 
LOC. 


TOISC 


FRSTIN 


3/26/70 


OP 
CODE 


ALF 


ALF 


F 
L 


2 


24 


TIME * 


D, AsPARAMETER 


N. LAREL 


12:48 


INC 


VERSION 02-01-70 


R 
PAR 


4 TNTAL DISCOUNTS 


C , 
PAR DE 


STARTING INVNICE NO, 


LA 


REL 
C EQU 


Le 


INSERTED 
INSERTED. 
INSERTED F 


INSERTED 
INSERTED F 
INSERTED. 
INSERTED. 


INSERTED A 
INSERTED B 
INSERTED 


INSERTED 


INSERTED 
INSERTED. 
INSERTED 
INSERTED & 


- INSERTED. 
“INSERTED. 
INSERTED A 
INSERTED 


INSERTED 
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RY 


ASSEM,, 


ASSEM. 
ASSEM,. 


—ASSEM, 


ASSEM, 


—ASSEM, 
—ASSEM,. 


ASSEM, 
ASSEM, 


ASSEM, 


ASSEM,. 


—ASSEM, 


ASSEM,. 
ASSEM,. 


ASSEM,. 


—ASSEM, 


ASSEM,. 
ASSEM, 


ASSEM, 


he te 


PROGRAM ID 
WORD | 
SL 


183 


184 


185 


186 
186 


187 


$9 


NATE RUN 
SEQ SYM, 
NO LOC. 
478 0 © TXRT 


3/26/70 


NP 
CODE 


ALF 


TIME = 


FO, 
LN, 


24 


12348 


A=PARAMETER 
LAREL INC 


TAX RATE. 


VERSION 02-01-70 


R ¢ LABEL 
PAR PAR DEC EQU 


REMARK § 


INSERTED 
INSERTED 


INSERTED 


INSERTED 
INSERTED 
INSERTED 
INSERTED 


INSERTED 
INSERTED 
INSERTED 
INSERTED 


INSERTED 
INSERTED 
INSERTED 
INSERTED 


INSERTED 
INSERTED 
INSERTED 
INSERTED 


INSERTFO 
INSERTED 


BY 
RY 
BY 


BY 
BY 
RY 
RY 


BY 
BY 
RY 
RY 


RY 


BY 
RY 
RY 


BY 
BY 
BY 
BY 


RY 
BY 


ASSEM, 
ASSEM, 


ASSEM, * 


ASSEM, 


ASSEM, 
ASSEM, 
ASSEM, 


ASSEM, 
ASSEM, 
ASSEM, 


ASSEM, * 


ASSEM. 
ASSEM, 
ASSEM, 
ASSEM, 


ASSEM, 
ASSEM, * 
ASSEM, | 


ASSEM, 


ASSEM, 


ASSEM, 
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& PROGRAM ID, DATE RUN 3/26/79 TIMF = 12348 VERSTON 0280170. PAGE 034 


a 
ON 
 wORd UBJECT SEQ, SYM, OP FO, A*PARAMETER B ¢ LAREL RFMARXK S 
SYL CODE Nn, Luc, CODE LN, LAREL INC PAR PAR DEC EQU 
2 2020 | ** INSERTED BY ASSEM, 
3 4520 : | tx INSERTED BY ASSEM, 
188 0 2020 ** INSERTED BY ASSEM, 
1 2020 +* INSERTED BY ASSEM, 
2 2020 ** INSERTED RY ASSEM, 
3 2020 ** INSERTED By ASSEM, 
189 0 0000 | ss INSERTED RY ASSEM, 
1 0000 | #* INSERTED BY ASSEM, 
2 0000 ** INSERTED RY ASSEM, 
3 0000 ** INSERTED BY ASSEM, 
190 0 479 9 DATT ALF ou CURRENT DATE - se . 
190 0 AF S4 ** INSERTED BY ASSEM, 
1 5245 | ** INSERTED BY ASSEM, 
2 5552 ** INSERTED BY ASSEM, 
3 2043 #» INSERTED BY ASSEM, 
191 0 2020 | *» INSERTED RY ASSEM, 
1 4520 ee INSERTED RY ASSEM, 
2 4154 ** INSERTED RY ASSEM, 
3 2n44 | ** INSERTED RY ASSEM, 
192 0 2020 ** INSERTED RY ASSEM, 
, 2020 ** INSERTED RY ASSEM, 


2 2020 | ** INSERTED RY ASSEM, 


NATE RUN 


L9-b 


PROGRAM ID, = 3/26/70 TIME = 12348 VERSION 02-01-70 PAGE 035 
WORD OBJECT SEQ, SYM, QP FD, A#PARAMETER 8  C  _LABEL REMARKS 
SYL  CNHE NO, LOC. CODE LN, LAREL INC PAR. PAR DEC EGU 
3 2020 «+ INSERTED BY ASSEM, 
193 0 0000 #* INSERTED BY ASSEM, 
0000 *» INSERTED BY ASSEM, 
2 0900 #* INSERTED BY ASSEM, 
3 0000 +s INSERTED BY ASSEM, 
43a SLDThHL neEF 8 SOLD TO LINE 
481 0 SHPTOL DEF 13 SHIP TO LINE 
482 0 RIBRL DEF 20 RIBBON LINE 
483 0 BODYL NEF 22 BODY OF INVOICE LINE 
484 90 NMAN@P DEF 13 POS. NAME ADDRESS 
485 09 TERM=P DEF 6 PNS TERMS 
486 0 ORDNOP DFF 19 PNS ORDER NUMBER 
487 0 CUSNOP DEF 31 POS CUSTOMER NUMBER 
488 9 SLDBYP DEF 42 POS SOLD BY NAME 
489 0 SHPVIP DEF SA PONS SHIP VIA 
490 0 DATE=P DEF 56 POS DATE 
491 0  TNVNOP DEF 80 POS INVOICE NUMBER 
492 0 PROCOP DEF 5 PONS PRODUCT NUMBER 
493 0 QTY=P DEF 7 PNS QUANTITY 
494 0 DESC#P DEF 22 PONS DESCRIPTION 
495 0 SPRC#P DEF 43 POS SFLL PRICE 
496 0 PERUeP DEF 55 POS PER UNIT COLUMN 
497 0 GRS=P DEF 56 POS GROSS AMNUNT 
498 0 DISC=P DEF 68 POS DISCOUNT PERCENT 


BP PROGRAM 1D -_ 7 — DATE RUN 3/26/70 TIME = 342248 VERSION 02"01"70 | PAGE 036 
a cae : 


SWORD OBYECT SEQ. SYM. OP FD, AsPARAMETER BC _LAREL REMARKS 
sy CADE NG, Loc. CODE LN, LABEL. INC PAR PAR DEC EQU 
499 0 NET=P DEF 760 PNS NET AMOUNT 
500 0 CPRC#P DEF 909 | POS COST PRICE 
501 0 CSTX=P DEF oR POS COST AMOUNT 
502 0 ADON@P DEF 59 a POS ALPHA ADDONS 
503 0 PRTZ=P DEF. 87 PNS PROFIT/LOSS & 
5040 CNTP=P DEF 64 | | POS TO CONT, PAGE 
505 0 SM*HDP DEF 129 7 | | PMS MISC ENTRIES RGHT 
506.0 SM@CTP DEF  =--134 = POS SUMMARY COST | 
507 0 NOTE _ | X3 NO OISCOUNT LINE 
508 0 NOTE | sg X4 ADDONS ON INVOICE 
509 9 NOTE | _ | Y1 START CONT, PAGE 
510 0 NOTE | | | | _ Y3 STANDARD INVOICE 
511 0 NOTE | 24 | Y4 LAST 6 INVOICE LINES 
512 0 NOTE a - X INDICATES MANUAL INDEX 
513 0 END 7 END OF JOR ae 


69% 


@ 2] @ & a — © © @ @ @ 
Burroughs _ Cag 
INVOICE | 
Burroughs ® | 
DEMONSTRATING FORM | 
SOLD — : | 
TO ACME TOOL AND DIE | 
4444 MAIN STREET 
BAKEWELL, OHIO | 
43122 | 
SHIP SAME 
TO : 
| 
| 
cop ee tea “Ak — 
ASST NUTS AND BOLTS 
WITH WASHERS 1,00 | 
REVERSIBLE RATCHETS . 22.50 
ASST SIZES SOCKETS 67,00 
TOOL CHESTS 13,083 
NONLEAK RUBBER . 
|RUBBER-GASKETS 23 % 1,00 
COLD CHISELS 15,000.00) 12 % | 12,200.00 124250,00_ 


234567890 


TAX 9.12% 


“PRINTED IN U.S. AMERICA 


1, 230,56 | 


14,723.56, 1,133.42) 12,354,559 


| 1033651 


7 CROSS REFERENCE TABLE BETWEEN — 
~~ PROGRAM DEFINITION CHART SEQUENCE NUMBER AND 
ASSEMBLER IIl OUTPUT SEQUENCE NUMBER 


PROGRAM DEFINITION ASSEMBLER III 


4-70 


CHART SEQUENCE OUTPUT SEQUENCE 

FUNCTION NUMBERS _ NUMBERS 
Invoice a 2410-2430 — 
Date 2 2480 - 2490 

Tax Rate 3. ~ 2540 - 2550 
Clear Daily Totals 4. 3750-3840 | 
Choice of Invoice Sib. - 50 ol 00 

Sold-to and i ace parORMaLION 6. 7. 160 - 420 

Terms — 8... ~~ 440 - 450 
Order Number 9. 460 - 470. 
Customer Number 10. ~ 480 - 490 
Sold-by-Information © 11. - -§00-510 © 
Ship -via-Information — 12. ~ 520 - 530. = 
Print Date : 13. ~ 560, 3850 - 3860 - 
Print Invoice Number 14. 3870 - 3940 — 
Product Number 15. 650 - 720 
Quantity | 16. 800 - 820 
Product Description 17. 880 - 890 | 

Sell Price 18. 950 - 1220 

Unit 19. 1060, 1110, 1220 
Gross 20. 1230 - 1240 
Discount Dk: 1290 - 1350 

Net Amount ae: 1410 - 1430 © 
Cost Price 23. 1490-1500 - 
Cost Amount 24. 1560 - 1580 
Invoice Subtotal 25; 1620 - 1650 

Tax Per Cent 26. 1666 - 1682 © 
Tax Amount 27. 1840 

Add Ons 28. 1920 - 2060 

Cost Add On 29. 2070 - 2260 
Invoice Total | 30. 1620 - 
Automatic Continuation Pages 31. 3290 - 3520 
Calculate and Print Profit 32. 2310 - 2350 
Print Totals 


2580 - 3140 


SECTION 
~ ASSEMBLERS 


5.00.00 FUNCTIONAL DESCRIPTION OF BASIC ASSEMBLERS 


An assembler is a program or system of programs which prepares a machine language program from a 
symbolic language program by substituting absolute operation codes for symbolic operation codes and 
absolute or relocatable addresses for symbolic address. 


Versions of the Series L/TC Assembler are available for several of Burroughs Computer systems. The 
processing time and operation is different in varying degrees from one version to the other although the 
functions of all versions are basically the same. These functions include error detection, preparation of 
object program media, symbolic and object program listings, and other operating and debugging aids. 
Input to each version of the L/TC Assembler consists of GP 300 instructions in the format specified by 
the Burroughs Assembler Coding Form (MKTG 2296) (See Section 1 of this manual). 


— Revised 8/9/71 by eee 
PCN 1045481-003 5.00.00 


5.01.00 L/TC PAPER TAPE ASSEMBLERS 


The paper tape assemblers are two phase (two sn) eccemiblens. Each phase is a seas: program and 
must be loaded prior to its operation. The series L/TC keyboard is used for Phase I input. The output 
consists of a Phase I listing as well as a symbolic paper tape. This symbolic paper tape is then used as 
input for Phase II. Phase II output consists of a phase II assembler listing and an object program tape. 


The paper tape assemblers which operate exclusively on L/TC equipment are Assembler le Assembler 
ISL, Assembler VI, Assembler VIII. The operating instructions for these assemblers are the same except 
for additional options available with some assemblers as cited below. z 


Assembler | 


Assembler I operates on TC 500/700, L 2000, L 3000, and L 4000 32-track machines, and will generate 
code for these machines, and also the L 2000, L 3000, and L 4000 40-track machines. | 


Assembler ISL 


Assembler ISL operates on TC 500/700, L 2000, L 3000, and L 4000 32-track machines, and aes 
code exclusively for the L 5000. Note striped ledger options in Topic 5.02.04. 


Assembler VI 


Assembler VI operates on the L 2000, L 3000, and'L 4000 40-track machines, and generates code for 
these machines and the L 5000, and also the 32-track machines. Note striped ledger Reon in Topic 
5.02.04. 


Assembler VIII 


Assembler VIII operates exclusively on the L 5000, and generates code for the TC 500/700, L 2000, L 
3000, and L 4000 32-track machines for the L 2000, L 3000, and L 4000 40-track machines and for 
the L 5000. Note staped: was oa in as °. 02.04. 


5.01.01 ENVIRONMENT a — 
Equipment required for the assemblers mentioned above iS as follows: 


Assembler I, and ISL are “compatible with any one of the following 32- track full ‘memory Series 
L/TC’s: TC 525, TC 725, TC 1545, TC 2545, “al 2101-608, L 2301-608, L 3111 -608, L 3311-608, or L 
4311-608. | 


Assembler VI is compatible with any one. of ue pon OMS extended: Emery Series L's: L 2302-908, L 
4312-909, L 3312-908. Hee a (Aw: ee A ee ee: ae 


Assembler VIII is compatible with the following full memory Series L 51 12- 609. 


These assemblers require the following Penpnerals and firmware: 
A 581 Paper Tape Reader : . - —— ne 
A 562 Paper Tape Punch. - 


5.01.00. 


Firmware Required* 
~ 2-1021-001-XX 
-2-1001-001-XX 

2-1001-001-XX 


Assembler Hardware 
Assembler I and ISL TC 525, TC 725, TC 1545 
Assembler I and ISL __ L 2101-608, L 2301-608 
Assembler I and ISL L 3111-608, L 3311-608 


Assembler I and ISL L 4311-608 2-1301-001-XX 
Assembler I and ISL TC 2545 2-1321-001-XX 
Assembler VI L 2302-908, L 3312-908 2-1101-001-XX 
Assembler VI L 4312-909 2-1401-001-XX 
Assembler VIII : L 5112-609 2-1201-001-XX 
* XX denotes latest revision 
Applicable Program I. D. numbers are as follows: 

Program |. D. 
Assembler Phase | Phase II 


Assembler I 


1-1001-008-XX 


1-1001-009-XX 


Assembler ISL 1-1001-069-XX 1-1001-070-XX 
Assembler VI 1-1101-001-XX — 1-1101-002-XX 
Assembler VIII 1-1201-022-XX 1-1201-023-XX 


5.01.02 PHASE | 


Phase I of the assemblers operates under 3 modes: 1) Keyboard Mode, 2) Correction Mode, and 
3) Continuation Mode. Under Keyboard Mode, the symbolic instructions are entered on the Series L/TC 
keyboard, a label Table is built up in memory, a Phase I listing is prepared on the printer, and a 
symbolic paper tape is punched. Under Correction Mode, instructions may be changed, added or deleted 
in the symbolic paper tape. Correction Mode allows the Phase I assembly process to be resumed after an 
interruption. Phase I also has diagnostic facilities for the detection and indication of errors. 


Phase | — Input 


The input of Phase I of the assembler program is comprised of the labels, symbolic operation codes, - 
parameters and remarks which are entered sequentially via the keyboard or the tape reader (in the case 
of continuation mode or correction mode). 


Phase | — Operating Instructions 


In operating the assemblers pin fed continuous forms, a minimum of 11% inches in width, must be used. 
The left edge of the pin fed form should be at position 5 on the scale and the positioned forms are 
visible along the bottom form bail. Both Pass | and Pass II object program tapes include their own 
firmware. Therefore, when loading the assembler programs, all 32 tracks of main memory (words 
0-1023) must be unprotected. 


1. Via Memory Loader Device: Load in nome manner. (See Section 6 of this manual for 
specific instructions.) | 
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2. Via Paper Tape Reader: | 
a. Load “Memory Load P. T. Reader’ into Utility Track with normal load procedure. 


b. From Ready Mode, depress PKA 3 — Utility — and load Pass 1 of Assembler 1 through 
_ tape reader. 


c. Execute Assembler Pass 1. See below. 


d. Upon completion of all Pass 1 assemblies, depress PKA 3 from Ready Mode to load 
Assembler Pass 2. Pass 1 assembly does not destroy the Reader Load Routine in the 
Utility Track. 


e. Execute Assembler Pass 2. See below. 


f. Upon completion of all Pass 2 assemblies depress PKA 3 from Ready Mode to load in 
appropriate Main Memory Firmware through Tape Reader, prior to loading and executing 
any user programs.* 


5.01.03 ASSEMBLER | 
Start 
Depress PKA 1, the “START” Key. 


The program will stop at a Numeric Keyboard (NK) instruction with three PK’s enabled. The three 
enabled PK’s are: 


PKA 2 KEYBOARD MODE OF OPERATION 
PKA 3 CORRECTION MODE OF OPERATION 
PKA 4 CONTINUATION MODE 


OCK’s The use of any OCK will allow 15 inches of leader tape (sprocket holes) to be punched and 
an automatic return to the initial keyboard (NK) instruction. 


1. When “MEMORY” prints, enter the number of words of user memory. No entry assumes 512 
words. | 


When “EXTMEM”’ prints, depress OCK 2, 3, 4. 


When “PAGE 51” prints, depress OCK 1 for 51 lines/page or OCK 2, 3, 4, if 66 line/page are 
desired. 


When the desired OCK’s have been depressed, refer to Topic entitled “keyboard mode’’, 
5.01.06 or condensed operating instructions Topics 5.01.07 and 5.01.10. 


*Keyboard Modifiers for the Commercial Keyboard may be loaded immediately after loading Pass 1. 


5.01.04 ASSEMBLER ISL 

Start 

Depress PKA 1, the “START” Key. 

The program will stop at a Numeric Keyboard (NK) instruction with three PK’s enabled. 
The three enabled PK’s are: | 
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KEYBOARD MODE OF OPERATION 
CORRECTION MODE OF OPERATION 
CONTINUATION MODE 


The use of any OCK will allow 15 inches of leader tape (sprocket holes) to be punched 
and an automatic return to the initial keyboard (NK) instruction. 


When “MEMORY?”’ prints, enter the number of words of user memory. No entry assumes 512 
words. 

When “PAGE 51” prints, depress OCK 1 for 51 lines/page or OCK 2, 3, 4, of 66 lines/page 
are desired. 

When “SLT”’ prints, depress OCK 1 for the striped ledger table option (necessary when using 
80-column card input) or OCK 2 if the striped ledger table option is not desired. If this 
option is chosen, the assembler forces a memory limit of 482 words. 


When the desired OCK’s have been depressed, refer to Topic entitled “keyboard mode” 
5.01.06 or condensed operating instructions Topics 5.01.07 and 5.01.10. 


5.01.05 ASSEMBLER VI AND Vill 


Start 


Depress PKA 1, the Start Key. 


The program will stop at a numeric keyboard (NK) instruction with three PK’s enabled. The three 
enabled PK’s are: 


PKA 2 
PKA 3 
PKA 4 
OCK’s 


KEYBOARD MODE OF OPERATION 
CORRECTION MODE OF OPERATION 
CONTINUATION MODE 


The use of any OCK will allow 15 inches of leader tape (sprocket holes) to be punched 
and an automatic return to the keyboard (NK) instructions. 


When “MEMORY”? prints, enter the number of words of user memory. 

When “EXTMEM”’ prints, depress OCK 2, 3, 4 for 32 Track; OCK 1 for 40 Track. If this 
option is used, the striped ledger option or the striped ledger table option will not be 
available. 

When “PAGE 51”’ prints, depress OCK 1 for 51 lines/page or OCK 2, 3, 4 if 66 line/page are 
desired, 


If the extended memory option, “EXTMEM”’’, was not chosen above, “SL” prints. Depress 
OCK 1 for the striped ledger option or OCK 2 if the striped ledger option is not desired. 


If the striped ledger option was chosen above (i.e., if OCK 1 was depressed), then “SLT”’ 
prints. Depress OCK 1 for the striped ledger table option (necessary when using 80-column 
card input) or OCK 2 if the striped ledger table option is not desired. If this option is chosen, 
the assembler forces a memory limit of 482 words. 


When the desired OCK’s have been depressed, refer to Topic entitled “keyboard mode’, 
5.01.06 or condensed operating instructions Topics 5.01.07 and 5.01.10 
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5.01.06 KEYBOARD MODE 


Depress PKA 2 to enter the i board mode. The program will ee with the numeric keyboard enabled 
to allow the operator to enter the total words of memory intended for the object program. 


Use any OCK to terminate the instruction. The program will then stop in the INSTRUCTION FIELD 
with the Alpha Keyboard enabled. Failure to enter the total words of memory will inhibit the operator 
from continuing at the INSTRUCTION FIELD position. 


Instruction Field 
Type the Mnemonic Op Code or Pseudo Op Code, listed on the Sabolie program form. | 
The following choices are available to the operator: 


OCK 2 — Program will return to and stop in 1 the LABEL FIELD. This may be done before or after. the 
entry of the Mnemonic. | 


OCK Ae Program will stop in the parameter field, but a stop in the emails field will Be enforced | 
before the entry of the instruction is completed. : | the a 


OCK 1-3 — Program will stop in the parameter field without an enforced stop in the remarks field. 


PKA 1 — Partial Phase I Halt. The use of PKA 1 will permit Phase I to be halted at any time. A special 
code is punched in the source tape instead of the pseudo operation code END. The label table is printed 
and punched in the source tape at each stop or “breakpoint.” The label table punched at the conclusion 
of each segment of assembly is updated and all inclusive to that point. In addition, the last operation 
sequence number is printed and punched. There are two possibilities of continuing the assembly of the 
program. The first possibility is that the next section of the program will be assembled before the status 
of the assembler program in the machine has been disturbed. In this case, it is only necessary to enter 
the continuation mode and proceed. The second possibility is that the continuation will be at some later 
date when all current information in the system has certainly been destroyed. 


In this case, it is necessary to load the Phase I assembler program and the label table along with the 
ending sequence number, both of which were printed and punched at the time oF the “breakpoint,” 
enter the continuation mode and proceed. 


The partial Phase I halt, or breakpoint makes it possible to assemble large programs in sections. 


The special code used for the breakpoint makes it possible to use small sections of Phase I source tape 
for input to Phase II. The breakpoint code will halt Phase II at a keyboard instruction, as described in 
Phase II operation, and the use of any OCK will permit Phase II to continue. 


PKA 8 — Will print “ERROR?” in red at left of sequence number column, the form will BDACE and the 
program will stop in the Instruction Field for re-entry. 


The entry of an Invalid Mnemonic will function in the same manner as the depression of PKA 8. 


The typing of the Pseudo-Op word END will cause the program to enter a routine where the label table 
will be printed and punched out. ‘The program will then allow the em to return to ‘the. READY 
MODE. 
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Label Field 


Type in the Label — a maximum of 6 characters is permissible. The first character must be an Alpha 
character. A maximum of 139 labels may be used. 


OCK’s — Use of any OCK to terminate the field will cause the program to skip to the PARAMETER 
FIELD IF THE INSTRUCTION FIELD has been previously entered. If not, the program will stop in the 
INSTRUCTION FIELD. 


Use of OCK 4 will also enforce a stop in the REMARKS FIELD before the line is completed. 


PKA 8 — Will print “ERROR” in red at left of sequence number column, the form will space the 
program and the program will stop in the Instruction Field for line re-entry. 


If a duplicate label is entered, the same function will occur as if PKA 8 had been depressed. 
Parameter Field 


The Parameter Field may actually be a 1, 2 or 3 field entry, depending on the Mnemonic entered in the 
Instruction Field. Either the Alpha Keyboard or the Numeric Keyboard will be enabled at this time, also 
depending on the Mnemonic. 


OCKS’s — Use of OCK 2 before the entry will change the entry mode from NUMERIC to ALPHA; 
however, the program will allow this switch only if the pnemonie permits it. 


ALPHA ENTRY — Enter the appropriate Alpha Characters, A maximum of 6 characters is permitted on 
labels. 


NUMERIC ENTRY — Enter appropriate numeric digits. Where a zero entry is not permitted or where 
the numeric entry exceeds the value permitted by the Mnemonics, the program validation routine will 
re-initiate a numeric keyboard instruction until the operator indexes a valid entry. 


OCK 1 — The program will stop in the next PARAMETER FIELD if the Mnemonic calls for another 
field entry. If the parameter field entry is the ending parameter field entry, the program will print the 
sequence number, the form will space and the program will stop in the INSTRUCTION FIELD for the 
next entry. If OCK 4 had been used in any previous entry position, after printing the sequence number, 
the program will stop in the REMARKS FIELD before ending the line entry. 


OCK 2 — Depression of OCK 2 will activate the alternate keyboard when the instruction allows both 
absolute and symbolic parameter entries. For example, if the numeric keyboard is active, depression of 
~OCK 2 will cause the alphanumeric keyboard to become active if the choice is available. In all other 
instances the key will function the same as OCK 1. 


OCK 3 — The program will stop to permit entry of a +/— increment Gumenc) 


~ OCK 4 — On the ending Parameter. Field entry, after printing the sequence number, the program will 
~ stop in REMARKS FIELD before ending the line entry.. 


— PKA 8 — Use of this PK will print “ERROR” in red at the left of the sequence number column, the 
form will space and the program will stop in the INSTRUCTION FIELD for re-entry. 


| If an Invalid Alpha ay has been used, the same function will occur as if PKA 8 had been depressed. 
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+/— Increment 


The numeric keyboard is enabled. The numeric entry may be up to 255. Use of the RE key prior to 
termination, will permit a MINUS value; otherwise, the entry will be positive. 


OCK 1, 2,3 — These OCK’s will print the sequence number, space the form and stop in the 
INSTRUCTION FIELD for the next line entry. If OCK 4 has been used previously, at any time in the 


symbolic entry, the sequence number will be printed and the program will stop in the REMARKS 
FIELD. 


OCK 4 — Enforces a stop in the REMARKS FIELD. 


PKA 8 — This PK will print “ERROR” in red at left of the sequence number column, the form will 
space and the program will stop in the INSTRUCTION FIELD for re-entry. 


Remarks Field 


Typing of up to 25 Alpha characters for remarks is permitted. The entry of a 26th character will result 
in a keyboard Error condition. The program will be halted. The RESET key must be used to correct the 
error condition and an OCK used to terminate REMARKS FIELD correctly. Remarks are not punched 
into the output tape until all typing is completed and the instruction terminated by the use of an OCK. 
The form will space and the program will stop in the INSTRUCTION FIELD for the next entry. 


Alf Pseudo-Instruction 


The entry of the pseudo-op ALF will permit the entry of up to 24 alpha characters as a constant. The 
entry of from 1 to 23 characters followed by OCK termination will cause the program to allocate the 
correct number of words for the message. The program will then stop in the INSTRUCTION FIELD for 
the next entry. The entry of exactly 24 characters and termination will cause the program to allocate 
the words and, in addition, the program will automatically print ALF in the INSTRUCTION FIELD on 
the next line and then stop for an additional alpha constant entry. The entry of a 25th character will 
result in a keyboard error condition. The RESET key must be used to correct the error condition and 
permit the proper termination by an OCK. - However, the word ALF will still print in the 
INSTRUCTION FIELD with a stop to allow for an additional alpha-constant entry. 


Continuation Mode 


In addition to loading the Assembler program tape Phase I, using the standard program load procedures, 
the label table must also be loaded into memory. The tape perforator must be turned on and sufficient 
leader tape (sprocket holes only) punched. The RESET KEY will return the machine to the READY 
MODE. 


PKA 4 — This will cause the sequence number printed out with the first line of entry and to be in 
proper sequence with the last sequence number from the previous section of tape, prior to the 


breakpoint. The program will then enter the KEYBOARD MODE portion of the Assembler program, 
Phase I for continuation. 


Correction Mode 


Depression of PKA 3 will cause the CORRECTION MODE of operation to be entered. Enter the appro- 
priate selection for “MEMORY”, “EXTMEM” and “PAGE 51” as previously discussed. The program will 
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then stop at a NUMERIC KEYBOARD instructions with three (3) PK’s enabled. At this point, the source 
tape must be loaded in the A 581 Tape Reader and the A 562 Tape Perforator must be on. The enabled 
PK’s determine the following functions: 


PKA 5 ADD TO 
PKA 6 CHANGE 
PKA 7 DELETE 


Add to Sequence Number — PKA 5 


At the numeric keyboard entry which is reached via PKA 3, prior to depressing PKA 5, index the 
sequence number of the symbolic entry, from Phase I documentation, that precedes the area in which 
instructions are to be added. ““ADD TO” will print followed by the sequence number. 


The program will automatically read the source tape, punch out a new tape, and will build a label table 
in memory. When the sequence number indexed has been read and punched, the program will print the 
sequence number plus .1 (XX.1). This provides the ability to add one symbolic instruction in the 


position following the sequence number indexed (XX) with a sequence number of XX.1. Following the 
entry of this added symbolic operation, the program will return to the Correction Mode. To successively 
add a group of instructions, PKA 5 must be depressed prior to each added instruction. Re-entry of the 
sequence number isn’t required. The added instruction will be automatically inserted and numbered in .1 
increment. The number of “ADD TO”’ instructions is not limited, but when .9 is exceeded, duplicate 
sequence numbering will result. 


Example: 


If instruction sequence number 23 is incremented by ten .1 increments, the result would be a duplicate 
sequence number 24.0. Further “ADD TO”’ instructions would cause this sequence number to in turn be 
incremented (24.1, 24.2, etc.). The original instruction listed as 24.0 will appear in the output tape 
immediately following the last instruction added. 


Re-entry of the original instruction is not required, however, duplicate sequence numbering can lead to 
difficulty in later correction of the source program; therefore, the original 24.0 sequence number should 
be “‘deleted”’ then a new sequence number “added.” See Delete From Source Tape paragraph. 


Change Source Tape — PKA 6 


At the numeric entry reached by depressing PKA 3, prior to the depression of PKA 6, index the 
sequence number from the Phase I documentation that is to be changed. When the instruction is 
terminated by PKA 6, “CHG”’ will print followed by the number indexed. 


The program will automatically read the source tape, punch out a new tape and will build a label table 
will enter the Keyboard Correction Mode to permit entry of a line of ‘coding following the entry of the 
changed symbolic operation, the program will return to the Correction Mode described under correction 
mode. 


The assembler program permits instructions to be changed and new instructions immediately added to 
the program. — | | 
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_ Depression of PKA 6 without a sequence number being indexed, will cause the very next instruction on 
the source tape to be read in but not punched out. : 


Delete From Source Tape — PKA 7 


At the numeric entry reached by the use of PKA 3, prior to the depression of PKA 7, index the 
sequence number, from the Phase I documentation that is to be deleted. When the instruction is 
terminated by the use of the PKA 7, “DEL” will print followed by number indexed. The program will 
automatically read the source tape, punch out a new tape and will build a label table in memory. When 
the sequence number indexed has been read, it will be ignored and not punched. Once deleted on first 
correction pass, that sequence number is gone and will never be found on any subsequent correction 
pass. The program will return to the Correction Mode described under correction mode. 


Depression of PKA 7 without a sequence number being indexed, will delete the next sequence in the 
tape and print out the sequence number deleted. 


Source Tape Interrupt Procedures 


After indexing a sequence number and depressing any of the PK’s described above, if the operator 
realizes that the wrong sequence number was entered, PKA 8 may be depressed. At the end of the line, 
the program will print out, “NOW AT”’ followed by the last sequence number read in and the program 
will stop at the Keyboard entry with the three (3) PK’s enabled. | 


End Procedure 


When the last “ADD TO,” “CHANGE” and “DELETE” has been entered, the entry of any sequence 
number larger than the END sequence number, from Phase I documentation, will read the source tape 
and punch a new one. When the word END is read, it will cause termination of the Phase I correction 
routine and will then follow the END pseudo instruction procedure. 


5.01.07 PHASE 1 — CONDENSED OPERATING INSTRUCTIONS AND REFERENCE LIST (SEE TOPICS 5.01.02 
AND 5.02.04 FOR LOADING INSTRUCTIONS AND OPTIONS.) 


1. Depress PKA 2 for Keyboard Mode. 
Type total words of memory you intend to use. 


Depress any OCK and it will space correctly and stop for you to type the Op code of the first 
instruction. (Col. 22-26 on coding forms.) 


4. Type OP Code. 
5. Use one of the following 3 lists of instructions: 


a. No remarks (Col. 53) 
No label (Col. 16) 


(1) Depress OCK 1 or 3. 


(2) If parameters are required, it will stop in each necessary parameter field. Type 
parameter. Depress OCK 1 or 3 after each parameter entry. 


(3) The final OCK will space for next Op Code entry. 


5.01.07 


b. No label (Col. 16) 
Remarks present (Col. 53) 


(1) Depress OCK 4. 


(2) If parameters are required, it will stop in each necessary parameter field. Type 
parameter. Depress OCK 1, 2 or 4 after each parameter entry. 


(3) Final OCK will space to remarks field. Type remarks. 
Depress OCK 1 to space to next OP code entry. 
c. Label present (Col. 16) 
(1) Depress OCK 2. 


(2) If parameters are required, it will stop in each necessary parameter field. Type 
parameter. Depress OCK 2 after each parameter entry. 


(3) Final OCK will space to label field. Type label. 
(4) If no remarks, depress OCK 1 to space to next Op code entry. 


(5) If remarks present, depress OCK 4. Type remarks. Depress OCK 1 to space to next 
Op code entry. 


Typing Error 


If mistake made, depress PKA 8 before an OCK. It will print ERROR and will stop in Op code field 
for re-entry of instruction. | 


Correction Mode 


ies 


Add To 


ees ae ats eee ee 


Turn on perforator and put Source Tape in reader. 


Be in READY MODE. 

Depress PK 1. 

Depress PK 3. 

Type memory size and OCK 1. 


Type sequence number before area to be added. 

Depress PKA 5. 

Program will read source tape, punch new tape, build label tapes. 

When indexed sequence number has been reached, .1 will be printed beside it. 
Add new instruction as other original instruction. 


If there are additional instructions, depress PKA 5 and type next instruction. 


Changing Source Tape 


oo ee fe ae 


Type number to be changed. 

Depress PKA 6. 

Sequence number will not be punched. 

Enter new instructions as. original instructions. 
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Delete from Source Tape | 


1 Type sequence number. 
2. Depress PKA 7. 
Sequence Number Typing Error 


1. Depress PKA 8. 
2. Depress PKA 5, 6 or 7 again. 


To Terminate any Correction 


1. Enter any sequence number larger than the END sequence number then depress PKA 5, 6 or 
7. | | 


2. It will read source tape and punch a new one. This will give new symbolic tape and new label 
table. 


5.01.08 PHASE | — DIAGNOSTIC FACILITIES 


Provision is made for the detection and printed indication of errors that may occur in the Assembler 
program. | 


Error Detection and Indication 


The entry of the symbolic language in Phase I, as previously stated, is via the keyboard or paper tape 
reader. Errors are detected as the symbolic entry is made. 


MNEMONIC ERROR DETECTION — The mnemonic is entered first in sequence. If the mnemonic is 
invalid, the OCK used to terminate the entry will initiate an error sequence that will space the print 
head to position 10, print ERROR, align the form 1 space, and re-position the print head so that the 
invalid mnemonic may be corrected. 


LABEL ERROR DETECTION — The next sequential operation, in the entry sequence of the program, 
is the entry of a label if required. The label error detection consists of determining if the label has been 
used previously and/or if the total number of labels exceeds the maximum of 139. 


Duplicate label validation occurs after the specific symbolic operation has been entered. If the label is 


invalid, the print head is positioned to 10, ERROR is printed, and the printer document is advanced 1 
line and a corrected entry must be made. 


If the maximum of 139 labels is exceeded, the printer document advances to the next form (over fold), 
prints and punches out the contents of the label table up to that point. The assembler program will 
return the system to the ready mode and the correction routine must be used. | 


PARAMETER ERROR DETECTION — The parameters are also validated following the termination of 
their entry. Label-type parameters are not validated in Phase I. Separate error detection is used for 
numeric parameters and alpha parameters. | 


NUMERIC PARAMETER ERROR DETECTION — Two numeric parameter conditions are validated in | 
Phase I. 
1. Parameter exceeds specified limits (maximum or minimum) value. 
2. Parameter is required and has not been entered. | 
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In both cases, the validation routine will, upon recognizing the invalid condition, re-initiate the 
parameter entry sequence. However, if a zero parameter is acceptable, it is not necessary to index a 
zero. Leaving the parameter area blank will force the zero entry. 


ALPHA PARAMETER ERROR DETECTION — An alpha parameter error is detected upon termination 
of the entry. In an invalid situation, such as entering an invalid alpha character, or no entry where an 
alpha entry is required, the print head will be positioned to 10, ERROR is printed, the printer 
document aligned 1 space and the entire symbolic operation sequence must be re-entered. 


MEMORY ERROR DETECTION — Memory error conditions are: 

1. The program exceeds the maximum memory available. 

2. A specific point in the program is reached where sufficient memory has been occupied such 
that specifying a REG instruction, with a large parameter, will exceed the maximum memory 
available. 

In both of the above error conditions, the assembler program will return the system to the 
Ready Mode. This condition can only be corrected by use of the correction routine, (See 
correction mode.) 


Error Detection — Correction Mode 


The correction mode features error detection similar to that previously discussed. 


MNEMONIC ERROR — If an invalid mnemonic is encountered, the validation routine will print the 
sequence number, label — if any — and the mnemonic as it appears in the input tape, advance the form 
1 line, print INSTR ERROR, punch a NOP instruction in the output tape and continue assembly. 


LABEL ERROR — If an invalid label is encountered, the validation routine prints the sequence number, 
label and instruction as it appears on the input tape, advances the form 1 line, prints LABEL ERROR, 
removes the invalid label, but punches the rest of the instruction in the output tape and continues 
assembly. 


PARAMETER ERROR — If an invalid ALPHA parameter is encountered, (PK, LOD’s, SK’s or MASKS) 
the validation routine prints the sequence number, label, instruction and parameters, advances the form 
1 line, prints PARMTR ERROR, punches the instruction in the output tape and continues assembly. 


PHASE | — OUTPUT 
The output of Phase I of Assembler I consists of a print-out and a punched paper tape (source tap). 
The Phase I Print-Out is in the same format as the Phase I output tape. It is in two sections, the first is 


a listing of the Symbolic operations and the second a listing of the label table with memory addresses, 
as illustrated in Exhibit I. 


The output tape is created in two sections. The first section is the symbolic operation codes, complete 
with parameters and remarks, with the addition of a sequence number and the decimal equivalent of the 
actual location of the instruction in memory, punched in USASCII. 


The format is: 
Sequence Number 


Decimal equivalent of the actual memory location of the operation. 
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Parameters | 


Remarks 


Label (if entry is labeled) 
- Symbolic Operation Code 


The second section of output tape is separated from the first section by approximately ten inches of 
unpunched tape. This is the label table and is punched in compact format hexadecimal which is the 


same format punched for the object program. 


The format is: 


Label 


Memory Location 


oe NOTE ADDING MACHINE EXAMPLE 
2 BRU | START BYPASS PSEUDO INSTRCT 
3 ORG 10 
4 TOTAL NUM O- INITIALIZE AT ZERO 
5 STAR ALF wevete SYMBOL FOR TOTAL 
6 START LPNR PRINT LUAD PRINT MASK AREA 
7 LPKR KEYS LOAD PROGRAM KEYS 
8 ZERO CLM TOTAL CLEAR MEMORY TOTAL 
J ENTER AL ADVANCE FORM A LINE 
10 POS » £6 POSITION TO PRINTER 
1 PKA 12 ENABLE PROGRAM KEYS 
12 NKRCM 15 0 INDEX OPERANDS 
13 PNS- 14 0 PRINT OPERAND 
14 SK K 2 USE OCK2 IF ERROR 
15 ADM TOTAL | ADD TO TOTAL 
16 EX i 2 PRINT # FOR ERROR AMT. 
7 Pos 30 PUSITION TG PRINT 
13 PC |, PRINT CHARACTER 
Vy BRU ENTER RETURN TO INDEX OPERAND 
20 PRINT MASK ZZZZZ2ZZ2222,00 PRINT FORMAT 
21 | WORD 
22 KEYS BRU PRTSUB PKA! TO SUBTOTAL 
23 BRU PRTTOT PKA2 TQ TOTAL 
24 PRTSUB SRJ CUOMR | | 
oi PC ve TO SIGNIFY SUBTOTAL 
26 BRU ENTER | 
27 PRTTOT SRJ COMR | 
28 PA STAR TO SIGNIFY TOTAL 
29 BRU ZERO GU TO CLEAR TUTAL 
30 CUMR TRA TOTAL COMMON TOTAL ROUTINE 
31 — PNS= 14 0 PRINT TUTAL 
32 Pos 30 Serer 
33 SRR 1 en? SUBROUTINE RETURN 
3 kh E NO Basic Assembler | 


Phase | 
5.01.09 PHASE II . 


Phase II of Paper Tape Assemblers uses a symbolic (source) paper tape as input and provides an object 
program tape which operates on a Series L/TC computer. It also provides a program listing with the 
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object code as well as the symbolic code for each instruction and the absolute memory assignment. 
Phase II is also equipped with diagnostic facilities for the detection and indication of Phase II errors. 


PHASE I! — INPUT 


The input to Phase II of the assembler program is the label-table tape, which has been separated from 
the symbolic tape and loaded via the program loader and the symbolic operation tape (source tape) 
which is mounted on the optional A581 paper tape reader and entered under assembler program 
control. 


PHASE I! — OPERATING INSTRUCTIONS 


The Phase If Assembler program must first be loaded into memory using the standard program load 
procedure. In addition, the same type of continuous pin feed forms must be used, with the forms 
positioned with left edge at position 5. If Phase II is being run immediately after running Phase l, it is 
not necessary to load the LABEL TABLE into memory. If Phase II is being run at any other time, it 
will be necessary to load the LABEL TABLE. This table is at the end of the source tape which is the 
output from Phase I. The table is separated from the source tape (sprocket holes only), is punched in 
compact hexadecimal format and must, therefore, be loaded via the program loader. When this 
procedure is complete, the RESET KEY must be depressed to return the machine to the READY 
MODE. 


Start 


PKA 1 — The program will stop at an Alpha Keyboard entry position to permit the typing of up to 6 
alpha characters for any identification purposes desired. 


At this point, the Symbolic output (source) tape from Phase I must be loaded on the A 581 tape reader 
and both the tape reader and tape punch switches turned on. 


Depression of any OCK will cause the program to enter the automatic mode. This mode reads the 
source tape. Complete documentation is printed out, including the hexadecimal object program coding 
_and all remarks. An object program will also be punched out. 


The Assembler program Phase II will automatically put the machine into the READY MODE, when the 
Pseudo-Op END at the end of the source tape is read. 


PKA 8 — This PK effects an interrupt. Operation can be resumed by the use of any OCK. 
5.01.10 PHASE i] — CONDENSED OPERATING INSTRUCTIONS AND INDEX 


1. Read Phase II tape in PROGRAM LOADER or through paper tape reader. 
2. Return to READY MODE. 


3. At this point, if Phase I has not been run immediately prior to this, it will be necessary to 
load the label-table into memory using the same load procedure as in readin Phase II above. 
Then return to READY MODE. 


Depress PKA 1. | 
Type up to 6 alpha characters for program identification and then OCK 1. 
Insert symbolic tape into reader and depress READ switch. | 
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de This will give you a complete program listing and object tape. 


8, If you have error in program it will be necessary to go to Phase I documentation for changes 
or to hexadecimally change program. 


5.01.11 PHASE Ii — ERROR DETECTION AND INDICATION 
As stated previously, the input to Phase II is the output tape, or source tape, from Phase I. 


Error detection in Phase II is supplemental to the error detection in Phase I and is designed to validate 
the assignment of actual machine language, which is function of Phase II, plus the provision to indicate 
the possibility of machine-inflicted error, and the possibility of remote combination of programs vs. 
machine logic which could cause misinterpretation of the symbolic entries. 


MNEMONIC ERROR DETECTION — The mnemonic is validated again in Phase II. At this particular 
point in assembler program progression, the potential error possibility is the misreading of the mnemonic 
as a result of a mispunch, some internal system failure or reader failure. In any event, an invalid 
mnemonic in Phase II is an irrecoverable error and will cause the validation sequence to return the 
system to the ready mode. 


PARAMETER ERROR DETECTION — Parameters are again validated in the same manner as described 
under Phase I diagnostic facilities. In addition, if a label is used to define a parameter, the actual value 
of the label is validated. | 


For all parameter errors, except label errors, the word ERROR is printed starting in position 45, the 
printer escapes one space and PARMTR (parameter) is printed. 


In the event of a parameter-label error, the word ERROR is printed starting in posmon 45, the printer 
escapes one space and LABEL IS printed. 


For all instructions that are in error, a NOP instruction is substituted, printed out in the instruction 
sequence, and punched in the object program tape. The end result is that the object program tape 
contains NOP instructions instead of invalid instructions; plus, the program provides documentation 
which defines the location and type of parameter error. 


Correction Routine Phase I! 


Phase II errors are corrected by using the Source tape (tape output from Phase I) and the Assembler 
Phase I correction routine, or correcting the Symbolic language and restarting the entire program. 
Corrections in the object program can be made by using the Memory Modify service routine with a 
corrected object tape generated. with. the Punch-from Memory service routine,(See Section 3). 


PHASE Il — OUTPUT 
The output from Phase II of Paper Tape Assemblers consists of a print-out and an object program tape. 


The Phase IT print-out is a complete print-out of the object program along with explanatory information. 
The format is illustrated by Exhibit Zi | 


The Assembler program Phase II output tape is the object program tape and is punched in compact 
hexadecimal format. It contains the complete program, in machine language, ready to be loaded directly 
into the Series L/TC computer. 


5.01.11 


—€00-18rSPOT NOd 
AQ TL/6/8 Ppostaoy 


(P3U0D) IT10°S 


330 C84D 133 PA LINE 77 
1 EDO1 134 AL 
2 3849 135 TRA TTL 73 
3 EB76 136 POS 119 
340 0700 137 RR 
1 CLF 138 PA TOTAL 79 
2 EB7E 139 POS 127 
3 D436 140 PN 8 6 
350 804A 144 ADM DWNTTL 7 
_ 1 D349 142 CLM TTL | 73 
| 2 F740 143 LOOPT PKB 7 
| 3 F640 1444 PKA 7 OVERFL 
CN PO 
a i a ee ee 
50 0 33366797 136 MASK ZZD.0D 
03333333 
510 66£66797 187 MASK ZZZ.ZZD.0D 
03333333 
52 0 33333679 188 MASK Z0.0 
03333333 
53 0 66£66797 189 MASK ZZ,2ZZZ,Z2Z0.D0 
0333336E 
54 0 190 ORDRNO REG { 
55 0 191 WOSAME ALF SAME* 
56 0 192 WOPP ALF Pp 
57 0 193 WOCOD ALF COD: 
58 0 194 WOFGHT ALF MTFGHT* 


Exhibit 2 
Basic Assembler I 
Phase H 


5.02.00 80-COLUMN CARD INPUT ASSEMBLERS 


The Card Input assemblers are two pass assemblers with object card or object paper tape output. Unlike 
the paper tape assemblers, these assemblers consist of only one program and are loaded only once. GP | | 
300 symbolic punched cards are used as input through the card reader. Pass I reads the symbolic deck, 
validates mnemonics, creates a label table, sequence checks the cards if requested, and prints certain 
errors. Pass II reads the symbolic deck again, produces a complete lising print-out including error 
messages and punches an object deck or object tape depending upon which assembler is used. | 


The card input assemblers which operate exclusively on L/TC equipment are Assembler Tl, Assembler 
IIA, Assembler IISL, poner Assembler VII, Assembler — IX, and Assembler 
IXA. | | 


The operating instructions for these assemblers are the same except for additional options available with 
some assemblers as cited below. | 


Assembler II 


Assembler II operates on TC 500, L 2000, L 3000, and L 4000 with. Card I/O and generates code for 
these machines and also the L 2000, L 3000, and L 4000 40-track machines. 


Assembler IIA 


Assembler IIA operates on TC 500/700, L 2000, L 3000, and L 4000, generates » code for these _ 
machines and also the L 2000, L 3000, and L 4000 40-track machines, and is the same as Assembler Ul. 
except that output is in n object paper tape. 


Assembler 1ISL 


Assembler IISL operates on TC 500, L 2000, L 3000, and L 4000 with card 1/0 and generates code 
exclusively for the L 5000. Note striped ledger options in topic 5.02.04. 


Assembler H1/ASL 


Assembler IIASL operates on TC 500/700, L 2000, L 3000, and L 4000, with object paper tape output, 
and generates code exclusively for the L 5000. Note striped ledger options in topic 5.02.04. | 


Assembler VII 


Assembler VII operates on the L 2000, L 3000, and L 4000 40-track machines with Card I/O, and 
generates code for these machines and also the L 5000 and 32-track machines. Note striped ledger 
options in topic 5.02.04. | 


Assembler VIIA 


Assembler VIIA operates on the L 2000, L 3000, and L 4000 40-track machines, with object paper tape 
output and, generates code for these machines and also the L 5000 and 32-track machines. Note striped 
ledger options in topic 5.02.04. | 


Assembler IX 


Assembler [LX operates exclusively on the L 5000 with Card I/O and generates code for the TC 500,L 
2000, L 3000, and L 4000 32-track machines for the L 2000, L 3000 and L 4000 40-track machines, 
and for the L 5000. Note striped ledger options in topic 5.02. 04. 7 


5.02.00 


Assembler IXA 


Assembler IXA operates exclusively on the L 5000 with object paper tape output, and generates code 
for the TC 500/700, L 2000, L 3000 and L 4000 32-track machines, for the L 2000, L 3000 and L 
4000 40-track machines, and for the L 5000. Note striped ledger options in topic 5. 02. 04. 


5.02.01 ENVIRONMENT 


Equipment required for the assemblers mentioned above is as follows: 


5.02.02 CARD 1/O ASSEMBLERS | 


Assemblers II and IISL are compatible with any of the following 32-tracks full memory Series L, 
TC’s: TC 525, TC 1545, TC 2545, L 2101-608, L 2301-608, L 3111-608 or L 4311-608. 


Assembler VII is compatible with any of the extended memory L’s: L 2302- 908, L 3312-908, L 


4312-909. 


Assembler IX is compatible with the following full memory Series L: L 5112-609. 


These assemblers require the following peripherals and firmware: 


A 595 Card Reader 
A 149 Keypunch 
Assembler | 
Assembler II and IISL 
Assembler II and IISL 
Assembler II and HSL 
Assembler II and [ISL 
Assembler II and ISL 
Assembler VII 
Assembler VII 
Assembler IX 


Hardware 
L 2301-608, L 2101-608 
TC 525, TC 1545 
L 3311-608, L 3311-608 
L 4311-608 
TC 2545 
L 2302-908, L 3312-908 
L 4312-909 


~ L 5112-609 


5.02.03 CARD IN/PAPER TAPE OUT ASSEMBLERS 
Assembler IIA and ITASL are compatible with any of the full memory Series L/TC’s: TC 525, TC 725, 


TC 1545, TC 2545, L 2101-608, L 2301-608, L 3111-608, and L 3311-608. 
Assembler VIIA is compatible with any one of the following full memory Series L’s: L 2302- 


3312-908, and L 4312-909. 


* XX denotes latest revision 


Firmware Required* 
2-1004-001-XX 
2-1024-001-XX 
2-1004-00 1-XX 
2-1304-001-XX 
2-1324-001-XX 
2-1104-001-XX 
2-1404-001-XX 
2-1204-001-XX 


Assembler IXA is compatible with the following full memory Series L: L 51 12-609. 


These assemblers require the following peripherals and firmware: 


A 595 Card Reader 


A 562 Paper Tape Punch 
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Assembler 4 Hardware | Firmware Required* 


Assembler IIA TC 525, TC 725, TC 1545, TC 2545 2-1005-002-XX or 2-1024-001-XX** 
Assembler IIA | — L 2101-608, L 2301-608, L 3111-608 2-1005-002-XX or 2-1004-001-XX** - 
Assembler ITA L 3311-608 -2-1005-002-XX or 2-1004-001-XX** 
Assembler VIIA L 2302-908, L 3312-908, L 4312-909 2-1 104-001-XX**_ 
Assembler IXA L 5112-609 2-1204-001-XX** 
Applicable Program I. D. Numbers are as follows: 

Assembler | Program 1.D. 

Assembler II 1-1001-011-XX 

Assembler ITA 1-1001-066-XX 

Assembler IISL 1-1001-071-XX 

Assembler ITASL 1-1001-072-XX 

Assembler VII 1-1101-022-XX 

Assembler VIIA 1-1101-015-XX 

Assembler IX 1-1201-024-XX 

Assembler [XA 1-1201-025-XX 


5.02.04 INPUT 


Card Input Assemblers use GP 300 symbolic cards as input, as defined in Section 1, and the desired 
control cards are described below. 


** XX denotes latest revision | 
* Although these firmware sets are used with the card I/O Assemblers, they will also work with Card 
In/Paper Tape Out Assemblers. The assemblers themselves include the necessary firmware required to 
provide paper tape output. 


CONTROL CARDS — The control cards specify the input and output of the Assembler II program. 
Each control card must contain a $ in card column one and the name of that control card starting in 
card column 16. | 


The control cards available for the various assemblers are as follows: 


Assemblers II and ITA — $DATA, $DATAB, $ SEQ-CK, $MEMORY, $PAGE51, SLABELS, 
$EXTMEM 
' Assemblers IISL and ITASL — $DATA, $DATAB, $SEQ-CK, $MEMORY, $PAGE51, $LABELS, 
$SL-T 


Assemblers VII, VIIA, IX, IXA — $DATA, $DATAB, $SEQ-CK, $MEMORY, $PAGESS51, $LABELS, 
SSL, $SL-T, SEXTMEM 


$DATA — This control card tells the system that the symbolic card deck is punched in EBCDIC code. 


$DATAB — This control card tells the system that the symbolic card deck is punched in BCL code. 
BCL code does not include some special characters available with EBCDIC. 


5.02.04 


$SEQ-CK — This control card enables the checking of sequence numbers in the symbolic card deck. The 
sequence number of the current card is compared to the sequence number of the preceding card and if 
the value of the current card is less than or equal to the previous card, the error message SERR is 
printed and the program continues. 


$MEMORY — Firmware sets vary in memory requirements, which controls the amount of user memory 
available. If the size of object memory is other than 512 words, the Assembler program may be 
informed by the control option $MEMORY followed by the memory size, stated as a 3-digit integer 
value, starting in card column 29. 


$PAGE51 — This control card tells the system that the Assembler listing is being printed on a form 8%” 
x 11”. If the above option is not used, the system assumes a form size of 11” x 14”. 


S$LABELS — This control card generates a list of labels along with the word and syllable location that 
each label represents. A maximum of 139 labels are allowed. 


$SL — This control card tells the system that the striped ledger option is desired. 


$SL-T — This control card tells the system that a striped ledger conversion table, contained in words 
482-489 are necessary when using 80-column card input, is desired. If this control card is used, the 
assembler forces a memory limit of 482 words. 


NOTE: If the extended Memory option is used, these striped ledger options will not be available. 


S$EXTMEM — This control card is required when generating code for a 40-track machine. 


5.02.05 OPERATING INSTRUCTIONS 
Readying the System 


1. Unprotect Gumper) all tracks of main memory — words 0 to 1023 (do not jumper the utility 
track — Block 2 Track 2 — or any tracks that have been permanently jumpered by a Field 
Engineer.) 


2. From the Ready Mode, load the Utility routine “Memory Load, Card Reader’, 


3. Turn on Card Reader and depress Feed key. Place Assembler object program deck in Card 
Reader and depress PKA 3 from the Ready Mode. After all cards have been loaded, depress 
any OCK or keyboard character to print the hash total, the system then returns to Ready 
Mode. 


4. Preparation of Card Punch: 
a. Depress the POWER ON SWITCH and place blank cards in the feed hopper. 


b. Place a blank card around Program Drum No. 1. Around Program Drum No. 2 (left 
drum) place a card containing alternate “12” and “11” punches in card columns 1 
through 80. These punches may start with either “12” or “11” so long as they alternate 

_ through all 80 columns. 


c. Place drums on the Card Punch and place brush assemblies in contact with drums, the 
Program Switch on the Card Punch keyboard may be set in any position. 
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d. If it is desired to interpret the punch cards, the Print button should be depressed. 
: Miscellaneous characters will be printed if the Card Punch is snterpreang: object | prosram 
being punched. i 


e. Depress the Auto Feed button to place a card in. the — station, depress the ERR. | 
REL. key to position a blank card in the read station. 


f. Depress the Punch-On-Line button, the card punch is now muneee control of the Series 
— L/TC. Halts on punch instruction if not on-line. e : — 


Pass 1 


Place control cards and symbolic deck in the Card Reader, depress PKA 1 from Ready Mode. 
When it is necessary to temporarily halt assembly to add or remove cards in the Card Reader, . three 
choices are available. 


1. Depress Feed switch to OFF.To restart assembly, depress Feed switch to ON and depress 
Restart switch. 


2. Depress RESET key, the program fate and the Numetie keyboard light is it. Depiction ot 
any OCK will resume the assembly of the program. 


3. The system halts on a Reader condition if there are no cards in the Reader and the last card 
read was not the END card. Placing cards in the Reader and depressing the Restart switch will 
cause the assembly to continue. 


Pass I is completed when the symbolic END card is read. The system will halt on an NK instruction 
following the print-out of the label table, if a $ LABELS card was used. 


Pass | Errors 


During Pass I the only thing printed are the symbolic cards containing errors (card columns 11 through 
77) preceded by a description of the error. 


The following messages are used on the print-out to indicate detection of errors. These messages are 
printed in red. 


Sequence Error 


SERR — If the current card being sheeted at the request of the control card SEQ-CK has a lower or 
equal sequence number than the previous card, then that card is out of sequence. _ 


Previously Used Label 


LERR — The label in card columns 16 through 21 has been previously used. That instruction iS not 
assigned a label, in PassI or Pass II. The symbolic deck must be run again through Pass.I, with a 
different label if the instruction is to have one. 


Label Limit Exceeded 


ELERR — A maximum of 139 labels are allowed, those labels beyond 139 are not put in the label 
table. The instruction is assembled without a label assigned to it. 


oe tos 
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Invalid Mnemonic 


IERR — The mnemonic in the op code field is invalid. This card or a corrected card must be used in 
Pass II. It is assigned a syllable in memory. | 


Word Length Exceeded 


No message is used when either the NUM or MASK instruction is too long to be translated into one 
word. The overflow is ignored and processing continues. 


Memory Assignment Error 


MERR — This tells the user that the specified memory has been previously assigned. This could occur 
for example if an ORG instruction is used and specifies a word number already assigned by the 
Assembler. 


Assumed Memory 


No message is used. Memory of 512 is assumed by the Assembler unless a $ MESSAGE specifies 
memory other than 512. | 


Memory Capacity Exceeded 


MERR — This tells the user that the symbolic program is too large for the species object memory Size. 
The Assembler does continue to process. 
End Card 


f 


No message is printed and the Assembler halts on a reader condition. The symbolic deck must have as. 
its last card the mnemonic END card. To correct place END card in Reader and depress Restart key on 
Reader. Pass I cannot be completed without the END card. 


Pass Il 
Place the control cards and all or part of the symbolic deck in the Card Reader and depress any OCK. 
A complete listing print-out including error messages and an object deck is produced. 


After Pass II is completed, it is necessary to reload main memory firmware before executing any 
assembled object program. 


Pass Ii Errors 
The description prints next to the field in error. 
Undefined A Parameter Label 


PERR — The label in the A parameter was never used as a label to a mnemonic instruction. . NOP ; iS 
generated and Pass II continues. : , 4 ee & 


Invalid Parameter Range 


PERR — The value in the parameter is not within the limits allowed by the mnemonic. A NOP is 
generated and Pass II continues. 
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invalid Increment Field 


PERR — The value in the increment field is not within 255 or an invalid character i is located within the 
field. A NOP is generated and Pass II is continued. 


No Label or Increment Error 


PERR — There is no label or the increment field is in error. A NOP is ‘generated and Pass II is 
continued. — 


invalid Mnemonic 


IERR — The mnemonic is not in the language specifications. The mnemonic is ignored and a ra is 
generated. Pass II is continued. 3 


Word Length Exceeded 


No message is used when either the NUM or MASK instruction is too long to be translated into one 
word. The overflow is ignored and processing continues. 


Memory Capacity Exceeded 


MERR — The symbolic program is too large for the specified object memory size. Pass i processing 
continues. | 


Eind Card 


No message is printed and the Assembler halts on a Reader condition. Place END card in Card Reader 
and depress Restart switch. The symbolic deck must have as its last card the mnemonic END card. 
Pass II cannot be completed without the END card. 


After. the reading of all cards in Pass Il, the last object program card is released. This completes 
Assembler II. The user may now reload main memory firmware, protect memory and run the object 
program just produced. 


5.02.05 (Cont'd 3) | 


5.03.00 L/TC ASSEMBLER III B 3500 VERSION 


The Assembler III Program operates on a B 3500 system and prepares an object program for Series L/TC 
systems. It accepts symbolic input directly from cards or will accept a symbolic punched paper tape if it 
is loaded on disk via a utility program prior to the execution of the assembler and the appropriate 
control card is included in the source media. 


All references in this document to Assembler I or Basic Assembler I refer to the Series L/TC keyboard 
version of the Series L/TC Assembler. 


5.03.01 ENVIRONMENT 


The following system hardware is required for Assembler III: 
B 3500 — 60 KB Bytes Core 
1 Module Disk (800 segments, 100 bytes each) 
1 Tape Unit (7 or 9 channel) 
Card Reader 
Paper Tape Punch 
Paper Tape Reader (Optional for Symbolic Paper Tape Input) 
Card Punch (Optional for Symbolic or Object Card Output) 


Line Printer 


5.03.02 LIBRARY TAPE INPUT. 


The input for Assembler III is the Group II Software Library Tape and the source media which is either 
a card deck that included both the symbolic program and the appropriate control cards, or the symbolic 
paper tape output from Phase I of the Basic Assembler I Program for Series L/TC systems. 


Library Tape 


The tapes contain the following programs: 
ASSEMB This is the assembler program. 
QCONV This produces the object program on paper tape. 


LCNVRS This converts input symbolic paper tape code to card image and stores it on disk. This 
must be executed first if symbolic tape input is specified. It creates a disk file which is 
used as the source file for input to the ASSEMB program. 


CRDCVR This produces a symbolic paper tape for input to Assembler I. 
XRFBTC This is the cross-reference program. It produces a cross-reference listing of labels. 
OBJCRD This produces the object punched card deck. 
LIBTAP This is the utility routine used to create and update library tapes used by the $ library 
input option of Assembler III. 
The following files are used internally in the Assembler III Program: 
COND Used in error detection. 
OPTBL The operation code file. 
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5.03.03 MCP CONTROL CARDS 


The following MCP Control Cards are used in the assembly process; the 1-2-3 indicates a multi-punch in 
card column 1 for the specified cards: 


Execute Card 
The execute card initiates program execution. It must be punched in the following format: 


l 
2 EXECUTE ASSEMB 
3 


Data Card . 


The data card specifies the type source media. It must be punched in the following format: 


l 
2 DATA SOURCE or 2 DATAB SOURCE 
3 | 3 3 3 


This tells the system that the source media is cards, punched in either EBCDIC or BCL code, 
respectively. BCL does not include some special characters available with EBCDIC. 


Dollar Sign Card 


The dollar sign card specifies an option which controls the input and output during the assembly 
process. It must be punched in the following format: 


$ (LIST OPTION HERE) 
The options available on Assembler III are discussed Gaiaw 
Data Deck 
The ere deck to be assembled. 
End Card 
The end card must follow any card deck. It is punched in the following format: 
1 
2 END 
3 


It tells the system that the input from the Card Reader is complete. This card is used in addition to the 
GP 300 END card. | 


5.03.04 OPTION CONTROL CARDS 


There are several options which control the input and output of the Assembler III Program. The options, . 


5.03.04 


specified in the succeeding sections, must be preceded by a ($) dollar sign and may either be coded on 
individual cards, or may be coded free-form serially on one or more cards. 


SEQ-CK, Sequence Checking 


The format on the control card is SEQ-CK. When a sequence number has been punched into column 11 
through 15 of the source cards, sequence checking may be desired. If this control option is used, the 
sequence number of the current card is compared to the sequence number of the preceding card and, if 
the value is less or equal to, the error comment “SEQUENCE ERROR” will print. Execution of the 
program continues. Code generation is not ensured when sequence errors occur. 


RESEQ, Resequencing 


The format of the control card is RESEQ. If this control option is used, any sequence numbers punched 
in columns 11 through 15 of the source cards are ignored. Resequencing is initialized at 10 and 
incremented by 10 for each succeeding card. 


MEMORY, Memory Size 


Since different firmware sets vary in memory requirements, the size of user memory also varies. If the 
size of user memory is other than 512 words, the Assembler III Program may be informed by the 
control option MEMORY followed by the memory size, stated as an integer value. If this option is 


omitted, memory of 512 words is assumed and appropriate warning message is printed. 


SYM-CD, Symbolic Card Output 


If output, in symbolic BCL code, is required on punched cards, the symbolic-card control option 
SYM-CD is used. This will provide a symbolic card source deck, resequenced if the RESEQ option is 
used. If a program identification is punched in card columns 5-10 of the first symbolic card, it will be 
punched in every card of the output symbolic deck. 


SYM-CN, Symbolic Card Output 


This option is the same as SYM-CD with the exception that the output symbolic deck is pencaee in 
EBCDIC code. 


SYM-PT, Symbolic Paper Tape Output 


If symbolic paper tape output is required, the SYM-PT control option is used. This provides an input 
symbolic paper tape for Phase I of the Basic Assembler I Program. 


LABELS, Printed Table of Labels 


The entry of the control option LABELS provides a print-out of Assembler III generated table of labels. 
The list of labels is printed in the order in which they were programmatically defined alone with the 
location that each label represents. 


DOC, Documentation Punch and Print 
If the psuedo-op DOC is used in a program and it is necessary to reproduce it in a symbolic card, the 
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control option DOC is used. $ DOC will retain the psuedo-op and print and punch it in its pore 
programmatic sequence. 


PUNCH, Paper Tape Object Code 


If the output of the Assembler III Program must be a Series L/TC object program punched in paper 
tape, the control option PUNCH is used. (See Section 6, Page 6-6 for a discussion of the object tape 
format.) 


OBJ-CD, Object Card Output 


If object card output in hexadecimal object code is required on punched cards, the control option 
OBJ-CD is used. This will provide an object card deck for input to a Series L/TC card system. (See 
Section 6, Page 6-2 for a discussion of the object card format.) 


DISK-IN, Paper Tape Input 


If the symbolic paper tape output from Phase I of the Basic Assembler I Program is to be used as input 
to the Assembler III Program, it is required that the conversion program, LCNVRS be executed prior to 
the execution of the Assembler III Program (discussed:on Page 5-27. It also requires the control option 
DISK-IN which must be entered as the last control option in the control option deck.. The DISK-IN card 
must be followed by an end card: ? END. 


The Assembler III Program will use the information transferred from the symbolic paper tape to the disk 
by the conversion program, as source media. 


XREF, Cross Reference of Labels 


If a cross reference listing of labels is desired, control option XREF is used. The labels are printed in 
alphabetical order with their sequence number and the sequence numbers of those statements 
referencing that label. 


LINES, Specifying Number of Lines Per Page 


This option will permit the programmer to specify the number of lines desired on each page below the 
heading. It is possible to use any two-digit integer for the number of lines per page. If this option is not 
used, the maximum of 60 is assumed, which provides 7% inches of text at 8 lines per inch. 


SAVE (OMKXKX 


This will cause the Assembler to retain the object program upon the disk. Punching of paper tape or 
80-column card does not occur. XXXXXX represents a 6 alpha character disk file-name. It must be used 
in conjunction with $ PUNCH or $ OBJECD. 


$S. L. T. 


This Control option card must be used when assembling for an 80-column card striped ledger system. A 
character translation table is produced in the object program by the assembler. This option also forces a 
memory size limit of 482 which supersedes any memory option card. 


$S. L. 
This control card tells the system that the striped ledger option is desired. 
5.03.04 (Cont’d-2) 


SEXTMEM 
This control card is required when generating code for a 40-track machine. 
$ LIBRARY | 


The $ LIBRARY option provides the capability of assembling from magnetic tape. A program is called 
in from a library tape labeled LIBL, updated on disk and then assembled. The program on the tape 
LIBL is not updated. 


LIBL is created by the LIBTAP Utility Routine. (See 5.03.08) 
Cards can be (1) deleted, (2) added, (3) changed during assembling: 
1. Deleting cards. 
CC 1 D 


CC 11-15 Sequence number 
CC 16-80 Blank (must be blank) 


2. Adding cards. 
CC 1 A 
CC 11-15 Sequence number (unique) 


CC 16-80 Format of regular source card 


3. Changing cards. 


CC 1 C 
CC 11-15 Sequence number - must match a sequence number of a card in the program 
CC 16-80 


The patch cards, contained between the LIB instruction and the pseudo END card, must be in 
sequential order. These patch cards change the program during assembling but do not alter the tape 
“LIBL”’. 
The control deck necessary to assemble from magnetic tape is as follows: 
? EXECUTE ASSEMB 
? DATA SOURCE (or ? DATAB SOURCE if BCL is used) 
$ OPTIONS 
*$ LIBRARY 
LIB FILE NAME 
PATCH CARDS IF ANY — these must be in sequential order 
END (CC 22-24) 
? END 


*Last $ OPTION card 
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5.03.05 OPERATING INSTRUCTIONS 


Operation of the Assembler III Program involves the setting up of peripherals as a major function as 
opposed to Basic Assembler I Program operation which requires manual intervention as a major function. 


Equipment Setup 


To exercise all the control options of the program,-1 magnetic tape unit, 1 card reader, 1 card punch, 1 
paper tape reader, 1 paper tape punch, and a line printer are required. 


Ih 


Magnetic Tape Units 


- Mount the Library Tape. Choose an MTU with the proper channel (7 or 9) and set the 


Operation 


appropriate density. Both of these are marked on the library tape reel label. Load the tape 
reel. 


Card Punch (If symbolic or object card-out is required) | 
Load the hopper on the card punch with sufficient cards and ready the punch. 
Paper Tape Reader (If symbolic paper tape-in is desired) 


Wire the channel select board, inside the front doors on the upper left of the reader in the 
following manner. | 


e Pre 
® ———— 
—— 
——— 
CD 
ew 
———,, 
ey 


Turn the three control code switches off. Depress the Parity on-off switch to off. Depress the 
High-low switch to low. Depress the Strip-Reel switch to strip or reel, depending on input 


type. 


Paper Tape Punch 


Wire the channel select board, inside the front doors on the upper left of the ee in the 
following manner: | 


Turn the Control Code Switch off. Set the LEVEL Designator Switch to 8-LEVEL. Rey the 
punch. 


Line Printer 


Equip the printer with an 8 lines per inch control tape and ready the printer. 


Loading the Library Tape: The loading of the magnetic library tape may be initiated by either a control 
card or a control input ungesiee: via the supervisory printer (SPO). If a control card is used, the card 
would read. 
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] 
2 LOAD FROM GRPII < list of programs and files to be loaded > 
3 


The control card wag load the programs specified from the list of available programs and files. For 
example: 


| 
2 LOAD FROM GRPIT ASSEMB QCONV CRDCVR OPTBL COND OBJCD XREF 


3 


In either case the card must be passed through the card reader by itself. When the tape has been loaded, an 
output message to this effect will be typed on the SPO, after which the Assembler may be executed. 


If the library tape load is initiated via the SPO, the input message 
CC LOAD FROM GRPII <_ list of programs and files to be loaded > 
would load only the specified programs and files. 


Assembling with Card Input: If symbolic punch card input is used, the following cards must be read in 
through the card reader in the order specified: 


1. 2 EXECUTE ASSEMB 
3 

2. 2 DATA SOURCE (or 2 DATAB SOURCE if BCL is used) 
3 3 


3. $ Option Cards specifying any or all of the options defined. 
4. The symbolic source deck. 


1 
5. 2 END 
3 


Assembling with Symbolic Paper Tape: If symbolic paper tape input is used, the paper tape must first 
be loaded via the paper tape reader, converted to card format, and placed on disk using the LCNVRS 
program (which must have previously been loaded). After mounting the symbolic tape on the paper tape 
reader, the following card must be read in through the card reader in the order specified: 


1 | 
2 EXECUTE LCNVRS 
3 


When the symbolic paper tape has been loaded, the procedure discussed above for punch card input 
would be followed with the exception that the DISK-IN option must be the last option | specilied and 
must be followed immediately by the END card (since no symbolic deck is used). ; | 
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5.03.06 ERROR DETECTION | 


The Assembler III Program in processing the input, or source, data makes. several asses tieoueh the 
information. These passes may be divided into 2 major categories: 


1. PassI — the processing of data prior to the assignment of object code to the symbolic 
program. | 


2. Pass II — ‘the processing of the data, the major function of wich: is the assignment of object 
code. 


Both passes incorporate editing functions and the resultant error detection. © 
Pass ! Error Detection 


Pass I errors are printed out prior to the program listing. Each error comment wl be followed by the 
print-out of the symbolic operation which is determined to be in error. | 


LABEL ERRORS — Several types of label errors are detected in Pass I: 
1. Duplicate Label 


If a label has been previously used, the error comment printed starts with the label followed 
by: a | 


. HAS ALREADY BEEN ENTERED AS A SYMBOLIC IDENTIFIER 
the duplicate label is not entered, processing continues. 
2. Invalid Label . 


Labels for the Assembler III Program must begin with an alphabetic character. If the first 
character of the label is not an alphabetic character, the error comment is: 


LABEL MUST BEGIN WITH AN ALPHABETIC CHARACTER | 
Blanks are not allowed in a label. If the label contains a blank, the error message is: 
LABEL MUST NOT CONTAIN BLANK CHARACTER | 
The label is not entered, processing continues. 
3. Label Limit Exceeded 


The Assembler I Program allows a limit of 139 labels. This limit is not significant to the 
Assembler III Program, but the possibility exists that a symbolic paper tape, generated by the 
control option $ SYM-PT could be used as input to the Assembler I Program for Series L. 


The error comment is: | 
NUMBER OF LABELS EXCEEDS LABEL LIMIT WHEN USING ASSEMBLER I 
The error is ignored and processing continues. 
4. Card Field Definition Label Error 


Labeling of the CDF table is allowed only on the first syllable o a word. If the abel” is not 
on the first syllable of a word, the error message is: } 


LABEL NOT AT START OF WORD 


A NOP is inserted and processing continues. 


SEQUENCE ERROR — As described in Option Control Cards, if $ SEO-CK is used, and the sequence 
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number in columns 11 through 15 of the current card is less than the sequence number on the previous 
card, the error comment is: 


SEQUENCE ERROR 


This is followed by a print-out of the information on the current card and processing continues. 


EXCEEDS MEMORY CAPACITY — If the symbolic program is too large for the specified object 
memory size, or if an erroneous ORG instruction has been entered, the error comment is: 


STORAGE EXCEEDED BY INSTRUCTION .... 


followed by a print-out of the instruction that exceeded memory. Processing continues. 


REGION ERROR — If a REG instruction is entered with either a O parameter or a paramere? exceeding 
255, the error message is: 


REGION MUST HAVE SIZE 1-255 


A memory location is not reserved and processing continues. 


BACKWARD ORGANIZATION ERROR — If an ORG instruction is entered that attempts to assign 
memory that has been previously assigned, or at a memory location sequence number that is lower than 
the current instruction address, the error message is: 


BACKWARD ORG NOT ALLOWED ON ASSEMBLER I 


Memory is assigned and assembly continues. 


CONTINUATION CARD ERROR — If a card with a numeric field length follows either an ALF or 
MASK instruction with a field length greater than 24, a continuation card was expected. The error 
message consists of a print-out of the current card followed by: 


PREVIOUS CARD HAS INVALID FIELD LENGTH 
In an ALF instruction a missing field length will result in the error message: 
EMPTY FIELD-LENGTH FIELD 


In either case the instruction assigns 1 word which is not filled and processing continues. 


INVALID MASK ENTRY — If an invalid mask character has been entered, the character will be printed 
followed by: | 


. IS NOT A VALID MASK ENTRY 
the character is ignored and processing continues. 
MASK LENGTH ERROR — If an erroneous mask length has been specified, the mask will be printed 
followed by: 
MASK LENGTH RECALCULATED TO BE... 


and the correct length. The mask is corrected and processing continues. 
INVALID OPERATION CODE -— If an invalid op code is entered, the invalid code will be printed 
followed by: 
. IS AN INVALID INSTRUCTION OP CODE 
A NOP (no operation) instruction is generated and processing continues. 
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PARAMETER ERRORS — The ce errors detected in Phase: are defined in the following 


sections. 
1. 


No Label 


Some of the instructions specified in Series L | Assembler Language, ‘required a label in the 


- parameter field. If a label has not been entered, the error r message is: 


MISSING SYMBOLIC LABEL | so 
The instruction is ignored, a NOP is assembled and processing continues. 
Increment Exceeds Limit OS 


If the increment exceeds the limit of 255, the error message: 
INCREMENT GREATER THAN 255 NOT ALLOWED ON ASSEMBI | 


is printed. 


This does not affect Assembler Ill or IV, processing Sontinties, 
Invalid Numeric Entry 


If a non-numeric character is entered in the numeric portion of a NUM instruction, the error 
message is: 


INVALID NUM ENTRY oe 
A word of zeros is assembled and processing continues. 
Parameter Length Exceeded 


If the parameter length of either a MASK or NUM instruction is too igne to be translated into 
1 word, the error message: 


PARAMETER TOO LONG 
is printed, a word of zeros is assembled and processing continues. . 
Invalid Define Parameters - Oo | 
If the entry in the parameter field of a DEF is invalid, the error message is: 
A-ENTRY MUST BE NUMERIC AND LESS THAN 767 | 
If either one or both entries in the parameter fields of a DEFT are invalid, the error message 
is: < 9% 
DEFT PARAMETERS MUST BE NUMERIC AND 0-15 
In either case memory is not assigned and processing continues. 
Code Parameter Error 


If entries in the CODE instruction parameter field are not 0 ee 9 and A through F, the 
error message is: 


ILLEGAL DIGIT ENTERED IN CODE INS™RUCTION 
A NOP is inserted and processing continues. | | 
Card Field Definition Error | 
If the total length of the fields defined in the CDF inginicien exceeds the maximum number 
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of characters allowed on a card, the error message is: 
SUM OF CDF PARAMETERS MUST NOT BE > 80 


A NOP is inserted and processing continues. 


CARD BUFFER DECLARATION ERROR — A CDB instruction must be the first card in the symbolic 
source deck. If it is not the first card, the error message is: 


CDB MUST BE FIRST INSTRUCTION IN DECK 


The instruction is ignored and processing continues. 
Pass I! Error Detection 
At the beginning of the second pass, the printer will skip to the starting position on the next page. 


LABEL ERRORS — Label error detection includes the re-evaluation of the label limit and validation of 
labels in the parameter field. 


1. Label Limit Exceeded 
This is identical to Pass I and uses the same error comments. 
2. Label Parameter Error 


If the label entered as an A parameter has not been recorded as a label identifier, the error 
comment prints the label followed by: | 


... HAS NOT BEEN ENTERED AS A LABEL 
A NOP is generated and processing continues. 
3. Label Increment Error 
If a label is valid but the increment is invalid, the error message is: 
ILLEGAL ENTRY IN INCREMENT FIELD 


The increment is ignored and processing continues. 


INVALID OPERATION — The validity of the operation code is rechecked in Pass II and if invalid, the 
entry is printed followed by: 
... NOT A VALID OP-CODE 


A NOP is generated and processing continues. 


PARAMETER ERRORS — The parameters are edited for validity and content in Pass II. 
1. Label Parameter Error _ | 
See above. 
2. No Parameter Entry 
If a required parameter has not been entered, the error comment will be: 
_ EMPTY | 


followed by the specific field in which the error occurred, A PARAMETER, B PARAMETER 
or C PARAMETER. The program assumes a value of zero and processing continues. 
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3. Illegal Parameter Entry 
For a parameter entry in a field that should be empty the error comment is: 
ILLEGAL PARAMETER ENTRY IN... | 


followed by; A PARAMETER, B PARAMETER or C PARAMETER, depending upon which 
parameter contained the error. Processing continues. 


4. Invalid Parameter Entry 


For an entry that is invalid in either size or type, a listing of the valid parameter entries for 
that specific instruction is printed including an indication of which parameter(s) is/are in error. 


Exampie: 
OP A B C 
ADIR | I 32 


In the above instruction a keypunch error has been made in the A parameter field. 


The error message is: 


A PARAMETER — MUST HAVE NUMERIC VALUE 1-4 
B PARAMETER MUST HAVE NUMERIC VALUE 0-255 


If a symbolic entry is allowed the error message is: 
SYMBOLIC ENTRY ALLOWED 
5. Flag Instruction Parameter Error 
If the flag designated in the parameter is not valid for the flag group specified, the error 
message is: 
INVALID FLAG ENTRY PAIR OF 


The entry is ignored and processing continues. 
5.03.07 OUTPUT 


The output of the Assembler III Program may be any, or all, of the output options described under 
Control Options. In addition to the paper tape or card media produced as output, a print-out, which 
lists the symbolic input, object code developed, and any error comments is produced at the completion 
of the program. An example of a symbolic listing (with or without Control Options) is illustrated on the 
following page. The word and syllable of the instruction is listed along with sequence number, object 
code, expanded print-out of the source card, and decimal equivalent for each label used within a source 
statement. 


If the control option PUNCH is used, a separate print-out of the object code will be produced. 
Similarly, a card listing is produced if the option OBJCD is used. Examples of these as well as the Label 
Table (LABELS option) and the Cross Reference Listing (XREF option) are provided. 
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PROGRAM ID, 


wORD 


€00-T8P7SPOT NOd 
AQ TL/6/8 Pestacd 


({-PAU0D) LO°E0'S 


WwW hw = & WwW AN ws © io N = ©} 


Ww NN ewe © 


oOo oOo & oo 


DATE RUN 


SYM, 
LOC, 


RIBRON 


3/26/70 


OP 
cOO¢ 


IIR 
SK 


Notice in sequence number 420 the actual meméry location being referenced by label SAME is 136. 


In sequence number 390 the € unconditional branch to SHIPTO is actually a branch to word 4 4 syllable 3. 3. 


In sequence number 410 410 the actual value associated with label NMAD-P is 13. 


TIME = 12848 VERSION 02*01#70 PAGE 002 
Re CGREPMTIGE ote nbn obMEhy «= MMA S 

3 3 TEST FOR COMPLETION 

T I 1 TERMINATE LONP 

SHTPTO 4 3 REPEAT 

RIBBON 9 2 JUMP TO RIBBON AREA 

T 1 1 TERMINATE LONP 

SHIPTO 4 3 REPEAT LOOP 

K 34 { BRANCH TN PRINT SAME 

+ 4 8 3 EXIT LOOP 

x ? SET TN ENTER SHIPTO LOOP 
2 ANVANCE TWO LINES 

SHTPTO 4 3 RETURN TO Loop 

2 ADVANCE TWO LINES 

NMAD=P 13 

SAME 136 PRINT ALPHA MESSAGE 
RTRBL 20 ADVANCE TO RIBBON LINE 
TERM=p 6 POSITION TO TERMS 


Labels Listing: 


LABEL VALUE 
INITAL 000 03 
BEGINV O01 02 
SHIPTO 004 03 
RIBBON 009 02 
BODYIV 013 O1 
MAX 015 00 
TKDESC 020 02 
MPRICE 022 O1 
GRSAMT 029 O1 


illustration | 


The value of a label refers to the word number associated with the label in defined memory (regions, 
- numeric constants, etc.). Value refers to the word number and syllable number associated with the label 
in program memory. The list is in the order in which the labels were programmatically defined. 


Labels Cross Reference Listing: 


NE PKA6 01620 01920 
NE PKA? 00150 
NE PKAS 00050 
0466.0 ACT 02980 
0192.0 ADDONS 01700 02260 
0369.0 ADLNCK 01740 01990 


0502,0 ADON@=P 01660 01770 01930 02050 
INustration Il 


Associated with each label, listed alphabetically, is the sequence number of the instruction where the 
label was defined as well as the list of sequence numbers of instructions that reference the label. 
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5.03.08 LIBTAP — UTILITY ROUTINE 


This Utility Routine creates and updates library tapes to be used with the $ LIBRARY input option of 
Assembler III. 


Options 
1. Creating a library tape from punched cards. 
2. Updating a program on the library tape. 
3. Combining library tapes. 


4. Punching card decks of all or specified programs on a library tape. 
*Creating a Library Tape 
The create option provides the capability of creating a library tape from punched cards. The control 
deck necessary to do this is as follows: 
? EXECUTE LIBTAP 
? DATA or DATAB SOURCE 
$CREAT 
LIB FILE NAME 
SOURCE STATEMENTS 
LIB FILE NAME 
SOURCE STATEMENTS 
LIB FILE NAME 
SOURCE STATEMENTS 
ETC 


LIB FILE NAME 
SOURCE STATEMENTS 
? END 


Notes: 


LIB is a pseudo instruction to be typed in CC 22-24. FILE NAME is a 6 character or less program name 
to be typed in the A parameter, CC 29-34. 


SOURCE STATEMENTS are the 80-column cards contained in a program deck. This deck must not 
contain a pseudo END card; that is, no card with END in CC 22-24 is necessary. The MCP end card 
should be the last card of the deck. 


Result of Create Option: 


1. A tape labeled ‘““LIBL” containing files (programs) in 80-column card image. Each program is 
accessed through the 6 character or less program name on the LIB card preceding the source © 
statements comprising that program. 


2.. A listing of programs on the tape LIBL. 
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*Updating a Library Tape 


The update option provides the following capabilities: (1) deleting programs, (2) adding programs (3) 
correcting programs by deletion, addition or correction of source statements. [his option requires the 
use of two tapes. | 


1. Deleting programs. 


The format of the option card is: 


CC 1 D 
CC 22-24 LIB 
CC 29-43 6 character or less program name 


2. Adding programs. 


The format of the option card is: 


CC 1 A 
CC 22-24 LIB 
CC 29-34 6 character or less program name 


The LIB card is followed by the cards that make up the program to be added. This program 
will be added after all the programs have been copied from the old tape. 


3. Correcting programs. 


The format of the option card is: _ 


CC 1 C 
CC 22-24 LIB 
CC 29-34 6 character or less program name 


This card is followed by the detail (patch) cards to the program. 


These detail cards have the following format: 
a. To delete a card 
CC 1 D OD 
CC 11-15 Sequence number 
CC 16-80 Blank (must be blank) 


b. To add a card 
CC 1 A 
CC 11-15 Sequence number (unique) 


CC 16-80 Format of regular source card 


c. To correct a card 
CC 1 C 


CC 11-15 Sequence number — must match a sequence number of a card 
| in the program. | 


CC 16-80 Corrections made to card 
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The patch cards must be in sequential order. 


The control cards would be: 
? EXECUTE LIBTAP 
? DATA or DATAB SOURCE 
S$UPDAT 
C LIB FILE NAME 
D 01400 
A 01601 POS 10 
C 02000 LIR 3 17 
D LIB FILE NAME 


.Etc 
2? END 


Result of Updating Option: . 
1. An updated library tape and an original library tape. 
2. A listing of the new library tape. 


*Combining Library Tapes 


This option provides the ability to merge two or more library tapes onto a new library tape. The 
Original tapes are not altered. The new library tape should be mounted and original tapes should be 
mounted (one at a time) as called for by the SPO. The control deck necessary to do this is as follows: 


_ ? EXECUTE LIBTAP 
? DATA SOURCE or DATAB SOURCE 
SMERGE nn = number of tapes to be combined, must be one digit 
? END 


Results of Combine Option: 
1. <A newly created library tape containing all combined programs. 
2. A listing of all combined programs. 
3. The original unaltered library tapes. 
*Punching Programs from Library Tapes 
The punch option provides the capability of punching onto 80-column cards one or more programs from 
a previously created library tape. | 
? EXECUTE LIBTAP 
? DATA SOURCE or ? DATAB SOURCE 
(A) $PUNCH n n= any non zero number, must be one digit 
LIB FILE NAME 
? END 
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or | | 
— (@B) $PUNCH 0 Punch all files (programs). 
“9 END © | ee 
Result of Punch Option: 
1. Punched program decks as specified. 
2. A listing of each program punched. 
3. The unaltered library tape. 
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5.04.00 L/TC ASSEMBLER IV B 5500 VERSION 


The Assembler IV Program operates on a B 5500 system and prepares an object program for Series L/TC 
systems. It accepts symbolic input directly from cards and will accept a symbolic punched paper tape if 
the appropriate control card is included in the source media. | 


All references in this document to Assembler I or Basic Assembler I refer to the Series L/TC keyboard 
version of Assembler I. 


5.04.01 ENVIRONMENT 


The following system hardware is required for the TC 500, Basic Assembler Program: 
B 5500 — 4 memory modules utilizing MCP 
1 Module Disk (300 segments, 240 characters each) 
1 Tape Unit (7 or 9 channel) 
Line Printer 
Card Reader 
Paper Tape Punch 
Paper Tape Reader (Optional for Symbolic Paper Tape Input) 
Card Punch (Optional for Symbolic or Object Card Output) 


5.04.02 MCP CONTROL CARDS 


The following MCP Control Cards are used in the assembly process: 


Execute Card 


The execute card initiates program execution. It must be punched in the following format: 


1 
2 EXECUTE ASSEMB/TC500 


3 


Data Card 


The data card specifies the source media. It must be punched in the following format: 


| 
2 DATA SOURCE (Only BCL card code is accepted.) 


3 | | 
Library Tape Input 


The input for Assembler IV is the library tape labeled ““T'C 500,”’ and the source media which is either a 
card deck that includes both the symbolic program and the appropriate control cards, or the symbolic 
paper tape output from Phase I of the Basic Assembler I Program for Series L/TC systems. 
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Library Tape/TC500 


The tapes contain the following programs: 
ASSEMB/TC500 This is the assembler program. 


XREF/B55TC This is the cross-reference program. It produces a cross-reference listing of 
labels at the end of assembly. 


The following files are used internally in the Assembler IV Program. 
0000000/COND Used in error detection. 
0000000/OPTBL The operation code file. 


Dollar Sign Card 


The dollar sign card specifies an option which controls the input and output during the assembly 
process. It must be punched in the following format starting in card column 1. 


$ (LIST OPTION HERE) 
Data Deck 
The symbolic deck to be assembled. 
End Card 


The end card must follow any card deck. It is punched in the following format: 


2 END 
3 


It tells the system that the input from the Card Reader is complete. 


5.04.03 OPTION CONTROL CARDS 


The following options available with Assembler III (B 3500 version) are available with Assembler IV and 
function identically. 


SEQ-CK, Sequence checking 
RESEQ, Resequencing 
MEMORY, EXTMEM, Memory size 
SYM-PT, Symbolic paper tape output 
LABELS, Printed table of labels 
DOC, Documentation — punch and print 
XREF, Cross reference listing 
LINES, Specifying number of lines per page 
SYM-CD, Symbolic card output 
$ §. L. T., 80-Column Card striped ledger system 
$ S. L., Striped Ledger 
$ EXTEM 40-track machine code 
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The following options available with Assembler III function differently with Assembler IV. 
PUNCH, Paper Tape Object Code 


This option is different in that the object program is punched in ASCII code and must be converted to 
internal Series L/TC format. 


OBJ-CD, Object Code Card Output 


This option is different in that the object program is punched in BCL and must be converted to internal 
Series L/TC format. 


The option PTI-IN is used with Assembler IV in a manner identical to that of DISK-IN with 
Assembler III. That is, PT-IN is used for symbolic paper tape input. 


The option SYM-CN, available with Assembler III, is not available on Assembler IV. 


5.04.04 OPERATING INSTRUCTIONS 


Operation of the Assembler IV Program is identical to that of Assembler III (B 3500 version) with the 
following exceptions. 


Equipment Setup 


The only differences in equipment setup are found with the paper tape reader and paper tape punch. 
The setup procedure for each is therefore given here. 


PAPER TAPE READER — (If symbolic paper tape-in is desired.) The Paper Tape Reader must have an 
Input Code Translator Board, wired as illustrated in Figure 5-1, (Wire 1 for 1: A-1 to A-1, B-1 to B-1l, 
etc.) Wire the channel select board, inside the front doors on the upper left of the reader in the 
following manner: 


Turn the three control code switches off. Depress the Parity on-off switch to Off. Depress the High-Low 
switch to Low. Depress the Strip-Reel switch to Reel. 


The input paper tape must have an opaque strip approximately 12” long attached at a minimum of 21’ 
prior to the first data frame and 2'2’ after the last frame. 


Depress Load Switch. Position tape under the Read Head to the frame preceding the first data frame. 


Depress Ready Switch then set Remote/Local Switch to Remote. When the first paper tape read 
instruction is encountered, the Supervisory Printer will respond with an “unlabeled paper tape file”’ 
message. The operator must respond with the appropriate corrective procedure. 


PAPER TAPE PUNCH — The Paper Tape Punch must have an Output Code Translator Board, wired as 
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illustrated. in Figure 5-2. (Wire 1 for 1: A-1 to A-l, B-1 to B-1, etc.) Wire the Suan select board, 
inside the front doors on the upper left of the punch, in the following manner: 


i 2 3 ae. O52 Gs 9 AB OG 


Turn the Control Code Switch off. Set the LEVEL Designator Switch to 8-LEVEL. 
5.04.05 OPERATION 


There are a few differences between Assembler IV and Assembler III with respect to the operation of 
the system. These differences are as follows. | 7 
Loading the Library Tape: The , SPO message > which loads the magnetic library tape is: 
CC LOAD FROM TC500 =/=. 
If the tape is loaded by card, the necessary control card would be: 
2 LOAD FROM TC500 =/=. 
3 
Assembling with Card Input: The first card in the deck must be: 


2 EXECUTE ASSEMB/TCS00. 
3 


The rest of this procedure is asks to that of Assembler II. 

Assembling with Card Tene The setion card PT-IN with an eceeaiee IV replaces the option card 
DISK-IN of Assembler III. The rest of this operation is the same. 

5.04.06 ERROR DETECTION - . 

The editing functions and error messages eee by AeseHbiee IV are je enacae to Assembler iil 
(B 3500 version). : 

5.04.07 OUTPUT . 

The output from Assembler IV is the same as that from Assembler III with a few exceptions. 


1. With Assembler IV, no card listing is provided with object card output (OBJCD option). 


2... The object paper tape output code with Assembler IV is USASCIT rather than the compact 
hexadecimal provided by Assembler III. Thus, the object .code provided by Assembler IV must 
be converted to compact hexadecimal in order to operate on a Series L/TC System. 


a | Object card from Assembler IV is punched in BCL as opposed to compact hexadecimal output 
. from Assembler III. Thus, an output program deck from Assembler IV must be converted prior 
to attempting to operate on an L/TC System. _ 
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$ PT-IN 


This control card is used if the symbolic paper tape output from Phase I of the Assembler I Program is 
used as input to the Assembler V Program. 


$ SEO-CK 


This control enables sequence checking of the sequence number punched in card columns 11 
through 15. 


$ RESEQ 


When this control card is used, any sequence numbers punched in columns 11 through 15 of the source 
cards are ignored. Resequencing is initialized at 10 and incremented by 10 for each succeeding card. If 
both sequence checking and resequencing are specified, sequence checking will be ignored. 


$ MEMORY 


If the size of the object memory is other than 512 words, the desired size may be inserted by the 
option $ MEMORY followed by the memory size stated as a 3-digit integer value, starting in card 
column 29. 


$ SYM-CD 


This option provides a symbolic card source deck, resequenced when the $ RESEQ control option is 
used. 


$ SYM-PT 
This option provides an input symbolic paper tape for Phase I of Assembler I. 
$ OBJCD 


This control option is used when the output of the Assembler V Program is to be an object program on 
punched cards in 80-column card compact hexadecimal format. 


$ O/P OBJECT CARD BCL 


This control option is used when the output of the Assembler V Program is to be an object program on 
punched cards in BCL format. | 


$ PUNCH 


This control option is used when the output of the Assembler V Program is to be an poe program in 
punched paper tape, USASCH format. 


$ LABELS 


The entry of this control option provides a print-out of the label table generated by the Assembler V 
Program. The list of labels is printed in the order in which they were propaminancaly. defined, along 
with the location, or value, that each label represents. | 
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9. 05. 00- L/TC ASSEMBLER Vv —B 300 VERSION 


The Assembler V- program. seers on a B 300 system and prepares an object program for Series L/TC 
Systems. The program accepts symbolic input directly from cards and will accept a symbolic punched 
paper tape if the appropriate control card is included in the source media. 


5.05.01 ENVIRONMENT 


The following system hardware is used for Assembler. V. 
B 283 or equivalent having a minimum 9.6K core memory configuration. 


3 — Tape Storage Units 

Line Printer 

Card Reader 

Card Punch 

Paper Tape Reader (optional) 
Paper Tape Punch (optional) 


A Central Processor with punch binary capability is required if object cards in Series L internal code are 
required. 


5.05.02 INPUT 


The input for Assembler V is the Assembler V Program object deck and the source media which is either 
a card deck that includes both the symbolic program and the appropriate control cards, or the symbolic 
paper tape output from Phase I of Assembler 1 with appropriate control cards. Symbolic cards are 
punched as defined in Section 1. 


5.05.03 OUTPUT 


The output of the Assembler V Program may be any one of the siitput object Options and/or any one 
of the output symbolics described under control cards. 


5.05.04 CONTROL CARDS 


Data Cards formulate the option control deck and specify the options which control the input and 
output of the Assembler V Program. Each card is punched with a ($) sign in card column 1 and the 
option information coded starting in column 16. 


The control cards allowable are: 

$ Date 

This control card is used to express the date. Ten (10) characters are reserved starting in column 29. 
$ 1/P Card 


This control card is used to tell the system that the source media is cards punched in BCL code. 


5.05.00. 


$ S. L. T. 


This Control option card must be used when assembling for an 80-column card striped ledger system. A 
character translation table is produced in the object program by the assembler. This option also forces a 
memory size limit of 482 which supersedes any memory option card. 


$$. L. 
This control card tells the system that the striped ledger option is desired. 
SEXTEM 


This control card is required when generating code for a 40-track machine. 


5.05.05 END 


The system is informed that the input from the Card Reader is complete by use of the mnemonic END 
card included at the end of the source deck; or by actuation of the END OF FILE button on the 
Reader. 


5.05.06 OPERATING INSTRUCTIONS 


Operation of the Assembler V Program involves the setting up of peripherals as a major function as 
opposed to Assembler I which requires manual intervention as a major function. 


Equipment Setup 


i Magnetic tape units 


Set the 3 magnetic tape units, designated as stations 1, 2, 3, for remote operation. Make sure 
that all other magnetic tape units, set for remote operation, are addressed by station numbers 
other than 1, 2 or 3. 


2. Line Printer 

Equip the printer with a 6 lines per inch control tape and press the READY button. 
3. Card Reader 

See Operation. 

Paper Tape Reader (if required). 


The paper tape reader uses an Input Code Translator Board wired as illustrated in Figure 1. 
Wire 1 for 1: A-1 to A-1, B-1 to B-1, etc. 


The Channel Select Plugboard is wired one to one: 
1 2 3 4 5 6 7 8 9 Q 


s dddddddds 


Cc 
4. Card Punch (if required). 


Load the hopper of the card punch with sufficient cards and press the READY button. 
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5. Paper Tape Punch (if required). 


The paper tape punch uses an Output Code Translator Board wired as illustrated in Figure 2. 
Wire 1 for 1: A-1 to A-1, B-1 to B-l, etc. 


The Channel Select Plugboard, inside the front doors on the upper left of the oan is wired 
in the following manner: 


ll 2 3 4 5 6 7 8 9 


Turn the Stop and Delete Switch Off. 
Set the Level Switch to 8-Level. 


Operation 


After the peripherals are set up as described above, proceed with the following operations: 

1. Press the CLEAR Switch on the console of the Central Processor. 

2. Load the first 160 cards of the Assembler V object deck into the card reader hopper and press 
the RESET and START switches on the card reader. 

3. Press the LOAD switch on the processor and the object cards will begin to read in. 

4. After the 160 cards have been read, press the processor CLEAR switch. 

5. Place the remainder of the object deck, the control cards and the GP 300 source deck, when 
used, in the card reader hopper and press the RESET and START switches on the card reader. 


6. Press the processor CONTINUE switch and the card reader will read the remaining cards. 


NOTE: If the source deck does not end with a GP 300 END pseudo card, press the END OF FILE 
switch on the card reader after the card reader has read the last card. 


7. When the paper tape is used in place of the source deck, the control card deck should be 
concluded with any card not having a $ in card column 1. The RESET, START and 
CONTINUE switches are then pressed to read the remainder of the object deck and control 
cards. 


NOTE: If the control deck of cards is not concluded with a card not having a $ in card column 1, the 
END OF FILE and START switches on the card reader must be pressed after the card reader has read 
the object deck and control cards. 


Once the object deck and first control card have been read, the Assembler V Program can be 
reinitialized automatically by pressing the CLEAR, then CONTINUE switches on-the processor console. 
This means the user. can start over at any point of processing without reloading the object card deck. 


Programed Halts 


The Assembler performs a number of automatic edits of the input data. Programed halts inform the 
operator of conditions requiring immediate attention. The halt indicator on the central processor is 
illuminated and the digit 9 is displayed in the O position of the INSTRUCTION register. The M and N 
positions of the register identify the specific programed halt that is encountered. See table 1. 


5.05.06 (Cont’d-3) 


INSTRUCTION REGISTER 


O 


9 


Error Detection 


M 


ys 


N 


0 


PROGRAMED HALTS 


CAUSE 


Invalid control card 


End of magnetic tape 
No input control card entered 


Paper Tape punch out of paper 


End of assembly 


Paper tape read error 


Paper tape reader out of paper 


Paper tape field greater than 26 
characters. Tape or reader is in 
error. 


NUM on paper tape with wrong 
sign character. Tape or reader in 
error. 


Paper tape punch out of paper 


Magnetic tape read _ error. 
Station number is indicated by 
N. 


Table 1 


REMEDY 


Correct the last card read, 
reinsert and press CONTINUE 
switch on the central processor. 


Rerun on a larger reel of tape. 
Insert card, press CONTINUE. 


Reload paper tape punch, press 
CONTINUE. 


Press CONTINUE to start next 
assembly. 


Press CONTINUE. If unable to 
read, space past the bad record 
and press CONTINUE again. 


Reload paper tape reader, press 
CONTINUE. 


Press CONTINUE to bypass the 
entry and resume the 
processing. 


Press CONTINUE to bypass the 
sign and resume the processing. 


Reload paper tape punch, press 
CONTINUE. 


Press CONTINUE. If unable to 
read, restart with new tape and 
reload the Assembler from 
cards. 


The Assembler V Program, in processing the input, or source data, makes three basic passes through the 


information. 


Pass I 
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accepts input from puriched cards or punched paper tape, validates mnemonics and adds 
control information creating a resultant symbolic output on magnetic tape. | 


5.05.06 (Cont’d-4) 


Pass II updates the output or source ane from Pass I, generating a new symbolic tape and.creating a 
magnetic tape label table. | | 


P aSS Il processes the outputs of Pass II aasenine the object code to the “symbolic program and 
supplying a complete listing. | | | 


Each error message or group of error messages is followed on the next line of ' print-out by the symbolic 
operation which is determined to be in error. 


5.05.07 ERROR MESSAGES 
No Operation Inserted 
NOP INSERTED 


_ This message is used only in conjunction with another error message. The detected error is identified by 
its specified message followed by NOP INSERTED on the next line. The NOP instruction is inserted in 
the program by the assembler and processing continues. - 4 ce. 


No Input Control Card 


NO I/P CTL 


The user has failed to enter either the $ I/P CARD or $ PT IN control card. One or the other has to be 
inserted in the program and the CONTINUE switch on the central processor activated for continuation 
of the processing. | 


Invalid Control Card 
INVALID CTL CARD 


This programed halt indicates the entered card is not one of the specified control cards. The invalid card 
is read and printed but must be corrected, reinserted, and the processor CONTINUE switch activated 
before processing can continue. 


Sequence Error | 
PP ENCE 


The current ar being checked at the request. af control card : SEQ-CK has a lower sequence number 
than the preceding card and is therefore out of sequence. Processing continues. 


No Object 
NO OBJECT 


This warning message indicates the user failed to specify the type of object output. Processing continues 
without an object output. | 


No Symbolic Output 


NO O/P SYM | 


This warning message indicates the user failed to specify the type ee symbolic output. Processing 
continues without a pyimbone output. | 


5.05.07 | 


Invalid Instruction Label 
INSTR LABEL INVALID 


The instruction label in columns 16 through 21, which must be left justified, begins with an alpha 
character and contains no blanks, is in error. The label is not entered; processing continues. 


Duplicate Instruction Label 

INSTR LABEL DUPLICATED 
This instruction label has been previously assigned. The label is not entered; processing continues. 
Label Limit Exceeded 

LABEL LIMIT 


More than 139 labels have been assigned and the Assembler V Program therefore cannot be used as 
input to the Assembler I Program. Processing continues. 


Invalid Field Length 
INVALID FLD LENGTH 


The field length coded in columns 27 and 28, following an ALF instruction, is other than 0-99 or CC. 
The entry is bypassed and processing continues. 


Previous Invalid Field Length 
PRE INV FLD LENGTH 


Based upon the contents of the field length of the previous ALF instruction, the following entry should 
have had a field length marked CC. Processing continues. 


Invalid A Parameter Label 
A-PAR LABEL INVALID 


The A parameter label in columns 29 through 34, which must be left justified, begins with an alpha 
character and contains no blanks, is in error. A NOP is generated and processing continues. 


Undefined A Parameter Label 
A-PAR LABEL UNDEFINED 


This label in the A parameter was never declared as an instruction label. A NOP is generated and 
processing continues. | : 


Itlegal Entry 
ILLEGAL 


The A parameter, which should be blank, contains an entry. Processing continues. 
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Invalid Parameter Range 

X PARAMETER INVALID RANGE XXX-XXX 
The A, B, or C parameter is indicated with its specified permissable range. Comparison of the print-out 
following the message to the specified range in the error message shows the detected invalidness: A NOP 
is generated and processing continues. 
Invalid Parameter Character 


Xx PARAMETER INVALID X 


This message is sed with instructions ne to flags. The A or B naranere with the detected invalid 
flag is specified in the error message. A NOP is generated and processing continues. 


Invalid Increment Field 
INVALID INCREMENT FLD 


Gontents of solute 35 inion 38, which should be blank or contain wr alles sign in er 35 and 0-255 
in columns 36 through 38, are in error. A NOP is generated and processing continues. 


No Label or Increment Error 
MUST HAVE LBL OR ae 


This message is used with BRU mnemonics only: if the label field | is denote the +.or — dielive address 
is assumed as the label. A NOP is generated and processing continues. 


Invalid Mnemonic 
INVALID MINEO 


This mnemonic ieee asi appear in the eames specification: The instruction is enna a NOP is 
entered and processing continues. 


Invalid Sign 
INVALID SIGN RESULT 


This message is used with a NUM instruction. The user has used an invalid combination of sign 
characters. The sign portion of the instruction is ignored whereas the rest is printed. Processing 
continues. : 


Invalid Character 
INVALID CHARACTER(X) 


The detected invalid character of the NUM or MASK parameter is indicated in parentheses. Processing 
continues. 


5.05.07. (Cont’d-2) 


Word Length Exceeded 
WORD LENGTH EXCEEDED 


This message is used when either a NUM or MASK instruction is too long to be translated into one 
word. The overflow is ignored and processing continues. 


Memory Assignment Error 


MEMORY OVERLAYED ERR 


This message informs the user that the specified memory has been previously assigned. Processing 
continues. 


Assumed Memory 
MEMORY 512 


No memory card has been used to specify the memory size. The assembler assumes a memory of 512 
and processing continues. 


Memory Capacity Exceeded 
STORAGE EXCEEDED 


The symbolic program is too large for the specified object memory size. Processing continues with the 
location counter reset to zero. | 


End Card 
LAST LINE NOT “END” 


The user failed to use the mnemonic END card to complete the deck file. Processing continues. 
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ACCESS TIME 


ACCUMULATOR 


ALPHA CHARACTER 


ALPHANUMERIC CHARACTER 


ASSEMBLER 


BASE WORD 


BINARY CODE 


BLOCK 


BRANCH 


BUFFER 


CARD FIELD 


CHARACTER 
CLEAR MEMORY WORD 
CODING FORM 


COMPUTER 


CONSTANT 
CONTROL AREA 


APPENDIX A 


GLOSSARY 


The amount of time required for a computer to locate and 
transfer a character of data from its storage position and 
make it available for processing. 


A working numeric memory location containing 15 digit 
positions and a flag position. | 


A character chosen from A-Z. 


A character chosen from A-Z or 0-9 and other specially 
designated characters. 


A program written to convert a symbolic program to a 
corresponding program in machine language. Principally 
designed to relieve the programmer of the problem of 
assigning actual storage locations to instructions and data 
when coding a program and to permit the use of mnemonic 
operation codes rather than numeric. 


The first word in a table. 


A coding system in which successive digits reading from right 
to left are interpreted as successive powers of two. 


A memory block consists of 256 words. 


The point in a program at which the machine will proceed 
with one or two or more existing possible routines aCCOFCINE 
to existing conditions and instructions. 


A temporary storage area used to hold data until the data 
can be accepted for processing. 


A set of card columns fixed in number and position into 
which the same classification of information appears. 


A graphic symbol of any sort. 
A memory word consisting of zero. 
A form upon which coding is placed. 


A machine for carrying out calculations and performing 
specified transformations of data. 


A magnitude which does not change its value. 


The area which contains the firmware which determines 
system control functions. 


APPENDIX A (cont'd) 


DEBUGGING 


DIGIT 


~ DOCUMENTATION 


ERROR 


FIRMWARE 


FLAG 


FORMAT 
HARDWARE 


INPUT 
INSTRUCTION 

INTEGER 

KEYBOARD BASE REGISTER 
LABEL 

LEAST SIGNIFICANT DIGIT 


POSITION 


LEFT JUSTIFY 


LOGIC 


The process of removing problems from the program so as to 
meet the program specifications. 


Any of the figures 0-9. 
The explanatory remarks included by a good programmer. 


The amount of precision lost in a quantity. The difference 
between an accurate quantity and its calculated 
approximation. Errors occur in numerical methods; mistakes 
occur in programs, coding, data transcription, and operation; 
malfunctions occur in computers. 


A control program, stored in the systems memory. The 
firmware identifies each instruction used by the program and 
selects the proper “‘micro string” to perform the functions of 
the instruction. 


An indicator which is set or reset upon execution of certain 
instructions, which provides a test factor to determine 
whether or not the conditions specified by the program exist, 
so that alternate paths of the program may be selected. 


An arrangement of information on a form or into storage. 
Physical equipment. 


The information fed into a computer system, in the form of 
numbers or letters, from punched paper tapes, punched 
cards, keyboard, etc. 


The information which tells a machine where to obtain the 
operands, what operations to perform, what to do with the 
result, and sometimes, where to obtain the next instruction. 


A whole number. 


Specifies the starting memory location in which succeeding 
information will be stored. 


A set of characters identifying an absolute machine address. 


The 0 position of an Accumulator word or a memory word, 
if the word is numeric. In an alpha word, the O position is 
the most significant character position. 


To position a field to begin at the left-most margin. 


A reasonable analysis of the procedures followed in solving a 
problem. 


LOGICAL COMPARISON 


LOGICAL OPERATION 


LOOP 


MACHINE LANGUAGE 


MACRO INSTRUCTION 


MAIN MEMORY 


MASK 


MASK WORD 


MEMORY LOCATION 
MICROSECOND 
MILLISECOND 


MNEMONIC OPERATION CODE 


MOST SIGNIFICANT DIGIT 


POSITION 


MULTIPLICAND 
MULTIPLIER 


NANOSECOND 
NEGATIVE VALUE 


NORMAL AREA 


OBJECT PROGRAM 
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The consideration of two things with regard to some 
characteristic, to obtain a yes if they are the same, or a no if 
they are different. 


A computer operation of comparing, selecting, or taking 
alternative action. 


A number of instructions which occur sequentially, a given 
number of times. 


A code that the computer can recognize and execute. 


A main memory instruction which serves to activate a series 
of micro instructions contained in firmware. 


1,024 words subdivided into the control area and the normal 
area. 


A print format for numeric values. 


A word of memory containing mask codes which define print 
format. 


A component of the computer in which memory is stored. 
A millionth of a second (.000001 = ms.) 

A thousandth of a second (.001 seconds). 

See operation code. 


The highest digit position of an Accumulator word or a 
memory word, if the word is numeric. In an alpha word, the 
highest position or the > _ position is the least significant 
character position. 


The quantity which is multiplied by each digit of the 
multiplier in the operation of multiplication. 


The operand which controls the repetitive addition of the 
multiplicand in the operation of multiplication. 


A billionth of a second. 
A value less than zero. 


An area in memory used to store the users programs which 
are written with the macro instructions. It is also used to 
store constant data, messages, and for accumulating totals. 


A program in machine language resulting from the translation 
of a source program by an assembler. | 


A-3 
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OPERATION CODE | 
OUTPUT  —— 


PAPER TAPE 


PAPER TAPE SOURCE PROGRAM 


PARAMETER 
‘PARITY CHECK 


PRINT HEAD 


PROGRAM COUNTER 


PROGRAM KEY 


PROGRAM KEY BASE REGISTER 


PROGRAM KEY TABLE 


POSITIVE VALUE 
PSEUDO INSTRUCTION 


PUNCH CARD SOURCE PROGRAM 


READ IN” 
RIGHT JUSTIFY 
ROUTINE 
SAFEGUARD SYMBOL 
SEQUENCE NUMBER 
SHIFT 


- A symbolic abbreviation for a machine code: which controls a 
- computer function. 


The results of computer operations in the form of punched 


_ cards, punched paper tape, or printing, etc. 


A specially treated strip of paper in which a pattern of holes 
is punched, which in combination with blank spaces 


represent numbers and letters. 


A source program punched on paper tape. 


A quantity which may be assigned different values. 


A summation check in which the bits, ina character or word 
are added and the sum checked against a single previously 


computed parity digit. 


The print ball. 


A special register which contains the memory address being 
executed. 


A key which allows insertion of an arbitrary instruction in 


the program. — 


_ A register containing the first word of the word. program 


key table. | 


An area of memory contains instructions assigned to 
Program Keys. | 


A value greater than zero. 


An instruction designed to provide information to an 


assembler program. 


A source program punched on cards. 
To place data in storage at a specified address. 


To position a field to terminate at the right most margin. 


A set of instructions arranged in proper sequence to cause a 


machine to perform a desired operation. 
Commonly referred to as the dollar sign (3). 
A number identifying the feeaed order of aia 


To move an ordered set of characters one or more Ainges to 
the right or left. 


SIGNIFICANT DIGIT 


SOFTWARE | 


SOURCE PROGRAM 
STORE 
SYMBOLIC PROGRAM 


TRACK 
TRANSFER 


TRANSLATE © 
~ UNPACK 


UTILITY PROGRAM 


VARIABLE LENGTH FIELD 


WORD LENGTH 
WORD NUMBER 


WORD OF MEMORY | 


WORKING STORAGE AREA 


SOTBRON EE LEO es 
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Any digit (except a zero in places higher than the highest 
order non-zero digit) in the expression of a quantity. 


The material supplied by a computer manufacturer along 
with the actual equipment (Hardware) i.e., programs, service 
routines, and operating manuals. 


A program written in other than machine language, intended 
for automatic translation into machine language. 


To transfer information to a place from which the unaltered 
information can be obtained at a later time. 


The use of arbitrary symbols to represent addresses in order 
to facilitate programing. 


A track consists of 32 words. 


To convey information from one location to another. 


To convert information from one language to another 


without significantly affecting the meaning. 


To separate a machine word into parts according to fields of 
information. 


A program which has a use in common to a number of 
different and unrelated programs, yet is not integral to any 
program, 1.e., trace. 


A field in which the number of characters within the record 
are not restricted to a given number of positions. 


The number of symbols that constitute a word. 
A memory address or memory location. 
16 digits (64 bits) used to store information. 


A portion of storage in which a data item may be processed 
or temporarily stored. The term often refers to a place in 
storage used to retain intermediate results of calculations 
which will not appear as direct output from the program. © 


The integer represented by the character 0, having the 


property that 0 multiplied by any number and 0 divided by 
any number is 0. | 


| The elimination of £ nonesishitieant zeros to the left of the 


integral pert of a. an before eae iS ocenny 
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APPENDIX B 


GP 300 INSTRUCTIONS TO MACHINE LANGUAGE 


Appendix B provides an alphabetical listing for the GP 300 instructions and the hexadecimal machine 
language code for each GP 300 instruction. 


Appendix B also provides hexadecimal values for decimal numbers between O and 767. 


If a table is not available, the desired value (for values between O and 255) may be calculated with the 
following chart and two simple procedures. 


If the value is between 0-15, convert by this chart: 


oti f2}3itatsitot7}s {9 }roli|i2tis{ ia] is] decima 
ole Totats state [oT ato Te [ole] ite 


Decimal to hexadecimal conversion: 


Divide the decimal value by 16. 


Insert the hexadecimal equivalent from above chart as the left most digit of the two digit 
number. 


Insert the hexadecimal equivalent of the remainder as the right most digit of the two digit 
number. 


Example: What is the hexadecimal equivalent of the decimal value 255? 
255 + 16 = 15 with 15 remainder 
So 255 must be represented as FF in hexadecimal notation. 

2. Hexadecimal to decimal conversion: 


Multiply the decimal equivalent of the left most digit of the two digit hexadecimal number by 
16. 


Add the decimal equivalent of the hexadecimal value in the right most position to the 
previous sum. 


Example: What is the hexadecimal value 2A equivalent to in decimal notation? 


2x 16 = 32 
A = 10 (see above chart) 
32 + 10 = 42 


The machine language code for a GP 300 instruction consists of 4 hexadecimal digits. These digits are 
identified as Op Code Upper, Op Code Lower, Parameter Upper, and Parameter Lower. 


Example: 


The machine language code for AL 5 is EDOS. 
E is the Op Code Upper. 
D is the Op Code Lower. 
O is the Parameter Upper. 


5 is the Parameter Lower. 


In some cases the Op Code Lower is incremented by 1 for word locations above 255 (See Table A). 
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Add to Accumulator 
Add to Index Register 
| Add Constant to Accumulator 

Add to Memory 
-Advance Left Platen 
Alarm — 

Advance both platens 
Advance left platen to 
Select Alternate Stacker 

Advance right platen 

Advance right platen to 


LABEL [ee *5t.,2 
1-4 0-255 | 
0-14 | O9 | 
LABEL | | 
0-255 


0-255 
1-255 


0-255 
1-255 


Branch unconditionally LABEL 


Close forms handler 
Check Digit Compute 
Check Digit Verify — 

eaenee Flags 


1-15 0-9 
15 | 09 
Se eee 

XY | SCM © 

0-15 |. OS 
LABEL aie? ce a. 
Cae. 


Clear Accumulator and j insert constant 
Clear Memory Word | 
Compare alphanumeric 


A RABEL. |r e a ss | 
1-80 


_ Decrement Index Register, 
Divide . 
Duplicate thru column 


LABEL 


Enter Alpha into Memory Te We - 
oecer -SCMWRF 


Execute if any Flag 

Execute if every Flag 

Execute if digit less than constant 
Execute if Accumulator zero 


D,R,X.Y,W,S )12340LIU 
0-15 0-15 
a 


14.06 0-255 
0-15 |. O15 


Increment Index Register 
Insert Constant in Accumulator 


| Load Index Register _ 
Load Memory from Card > 
Load Card Format Register a ee | 
Load Keyboard Base Register ee eee ou 
| Load Left Count Register 
Load Left Limit Register 
Load Flags 


1-4-2 «| (0-255 
0-255 a | 
_{ LABEL | 
BR | aRAREL 
od 0255. 

(| Oxy | Bea ol 
PKR | LABEL ee 
NR | LABEL 

0-255 

0-255 
O15 | 


Load Program Key Base Register. es ee eter 

Load Print Numeric Base. Regi te 4 

| Load Right Count Register —~ 
Load Right Limit Register 
Load ese Register - 
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INSTRUCTION 


Load Punch Count Register | 
Load Punch Count Register | 


Modify by Index Register 
Multiply 
Multiply and Round 


Numeric Keyboard 

Numeric Keyboard Permit C, M Keys 
Numeric Keyboard Permit Reverse Entry 
Numeric Keyboard Permit Reverse Entry, 
C, M Keys 

No-Operation 


Open forms transport 


Print Alphanumeric 

Print Character 

Print Character if Accumulator plus, 
Previous Ribbon 

Print Character if Accumulator minus, 
‘Previous Ribbon 

Print Character Previous Ribbon 
Enable Program Key Group A 
Enable Program Key Group B 
Enable Program Key Group C 

Print Numeric 

Print Numeric Shift Ribbon if plus 
Print Numeric Shift Ribbon if minus 
Load Position Register | 


Read Card 

- Enter Alpha into memory, punch non pant 
Release Media Clamp 

Transfer Remainder to Accumulator 

Read Numeric into Accumulator 

Red Ribbon 

Reset Flags 


Read Alpha and Print | | 

Read Alpha into Memory and Punch, 
non-print 

Read Alpha, print and punch 

_ Read Alpha into memory, print and punch 


| Set Flags 


Skip if any Flag 


APPENDIX B (cont'd) 
OP CODE | A Bo me 


0-255 


LABEL 
CHARACTER 
CHARACTER 


CHARACTER 


CHARACTER | 

1-8 
1-8 
1-8 

0-14 

0-14 

0-14 

1-255 


0-150 


| 1,2,3,4,-, 
S,C,M 
| 1,2,3,4,-,W | 
| S,C.M,R [- 
LO.CLUF | 
Revised 3-29-71 by 
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INSTRUCTION | — OP CODE 
Skip if every Flag SKE 
Skip if digit less than Constant ~ SKL 
Skip to card column | SKP 
Skip if Accumulator Zero SKZ 
Shift Off | SLRO 
Shift Off with Sign SLROS 
Subroutine Jump | SRJ 
Subroutine Return | SRR 
Stop STOP 
Subtract from Accumulator SUA 
| Subtract Constant from Accumulator SUK 
Subtract from Memory SUM 
Transfer Accumulator to Index Register TAIR 
Type TK 
| Type into Memory TKM 
Transfer to Accumulator TRA 
Transfer Card Field to Accumulator | TRCA. 
as Numeric | 
Transfer Card Column to Memory as TRCM 
Alpha 
Transfer to Memory TRM 
Punch Alpha from Memory, Non-Print XA 
Punch Feed Codes XB 
Punch Alpha from Card Read Area, XBA 
Non-Print 
Punch Code XC 
Enter Alpha into Memory and Punch, XEAM 
| Non-Print 
| Modify by Punch Count Register XMOD 
~ Punch Numeric, Non-Print XN 
Print Alpha and Punch XPA 
Print and Punch Alpha from Card XPBA 
Read Area , | 
Print and Punch Numeric XPN 
Print and Punch Numeric Shift Ribbon XPNS+ 
if Plus 
Print and Punch Numeric Shift Ribbon XPNS- 
| if Minus 
Type Punch and Print XTK 


Type to Memory Punch and Print XTKM 


B-4 


APPENDIX B (cont'd) 


DATA COMMUNICATION INSTRUCTIONS 


INSTRUCTIONS 


Change Flags 

Execute if any Flag 

Execute if every Flag 

Increment Receive Character Pointer 
Load Flags 

Load Polled Flags Register 

Load Receive Address Register 

Load Receive Buffer Register 


Load Expected Group Transmission Number 
Load Expected Broadcast Transmission Number 


Load Send Address Register 

Load Send Transmission Number 

Load Expected Transmission Number 

Register 

Power Off 

Print Alpha from Receive Buffer 

Set Receive Character Pointer 

Retrieve Expected Broadcast Transmission 
Number 


~ Retrieve Polled Flags 
Retrieve Expected Group Transmission Number 


Retrieve Character Pointer Register | 
Retrieve Receive Address 

Retrieve Send Address 7 
Retrieve Send Transmission Number - 

- Reset Flags | 
Retrieve Header Transmission Number 
Retrieve Expected Transmission Number 
Set Send Character Pointer 

Set Flags 

Skip if Flag 

Skip if every Flag 

Transfer Accumulator to Send Record Area 
Transfer Receive Buffer 

Transfer to Accumulator as Numeric 
Transfer Character 

Transfer Alpha 

Transfer Send Record Area 


OP CODE 


CHG 
EX 
EXE 
IRCP 
LOD 
LPF 
LRA 
LRBR 


LABEL or 
BLANK 


LGN 
LBN 


LSA 
LSN 
LTN 


OFF 
PAB 
RCP 


RBN 
RPF 
RGN 


RPR 
RRA 
RSA 
RSN 
RST 
RTH 
RTN 
SCP 
SET 
SK 
SKE 
TRAB 
TRB 
TRBA 
TRCB 
TRF 
TSB 


Revised 7-23-71 by 
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APPENDIX B (Cont’d.) 


OPERATION CODE AND PARAMETER TO MACHINE CODE 


INSTRUCTION OP CODE | - PARAMETER > SEE FOOTNOTE 


uU L U oo | | NUMBER 
~ ADA 8 8 0:15 0:15 1* 
@ ADB A. | 0 0-7, 18 
~ ADIR 5 4 0:15 OS 2 
ADK 8 F 0:14 0:9 
ADM 8 0 0:15 0:15 1 
AL E D- 0:15 0:15 
ALARM 0 9 8 0 
ALR | E F. 0:15 0:15 
ALTO E 9 0:15 0:15 
@ ALTP E 5 0. 0 
AR E E- 0:15 0:15 
ARTO EB A 0:15 0:15 
BRU 7 0 0:15 0:15 3 
cc E C 0 0 
Bm cpDc B 2 2:15 0:9 
5 CDV B 3 2:15 0:9 
- CHG 6 6 5 
~ CLA 8 —E 0:15 0:15 
CLM D 8 0:15 0:15 1* 
CPA D A 0:15 0:15 1* 
DIR. C 0:15 0:15 2 
DIV 9 A 0:15 0:15 1* 
DUP E- 1 0:5 0:15 
EAM A 9 0:5 0:15 8 
Mm EL A 7 B 0 
EX. 4 4,5 
EXE 4 | 4,5 
EXL 6 0:15 0:15 4 
EXZ 4 D O- 4 
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INSTRUCTION 


IIR 
INK 
IRCP 


LA 
LBN 
LCD 
LCFR 
LGN 
LIR 
LKBR 
LLCR 


LLLR 


LOD 
LPF 
LPKR 
LPNR 
LPR 
LRA 


LRBR 
LRCR | 


LRLR 
LSA 
LSCR 
LSFR 
LSLR 
LSN 
~LSR 
LIF 
LIN 
LXC 


- on le 


CWWKDKD TD TDVOM- voy TWA MmE DUHwWwYDOwW DD 


OP CODE ~ 


> mo |r 


AR RR RXAARARADNWAANANHARROTCOC ANH YAN 


~ PARAMETER 


ae a 
0:15 0:15 
0:15. 0:15 
0:15 0:15. 
8 0 
A 9 
0:15 0:15 
0:15 0:15 
A 8 
0:15 0:15 
0:15 0:15 
0:15 0:15 
0:15 0:15 
A D 
0:15 0:15 
0:15 0:15 
4, AD 
B ] 
0:15 0:15 
0:15 0:15 
0:15 0:15 
B 2 
0 0O- 
0:15 0:15 
4 0 
A 7 
2 0:15 
A. 4 
A 6 
0:15 0:15 
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SEE FOOTNOTE 


NUMBER 
Zz 


Revised 7-23-71 by 
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a INSTRUCTION OP CODE _PARAMETER 
U L Pal = 

MOD ~ 6 0 0 0 
MUL 8 A 0:15 0:15 
MULR 8 C 0:15 0:15 
NK A 6 0:15 0:15 
NKCM A 2 0:15 0:15 
NKR A 4 0:15 0:15 
NKRCM A 0 0:15 0:15 
NOP 0 8 0 0 
OC E 8 0:15 0:15 
OFF 0 9 1 0 
PA Cc 8 0:15 0:15 
PA 1 8 0:15 0:15 
PAB 1 D 0:15 0:15 
PAS A » § 0 0 
PBA B C 0 0:15 
PC Cc 0 
PC+ —¢C 4 
PC- C 5 
PCP Cc | | 
PKA FF 6 0:15 0:15 

- PKB *- 47 0:15 0:15 
PKC F 5 0:15 0:15 
PN D 4 0:14 0:15 
PNS+ D 0 0:14 0:15 
-PNS- D 1 0:14 0:15 
POF ) 1 1 0 
PON 0 1 2 0 
POS E B 0:15 0:15 
B-8 


SEE FOOTNOTE 
NUMBER. 


2 
1* 
1* 
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INSTRUCTION OP CODE PARAMETER ~~ SEE FOOTNOTE 
_ — UV Lt _NUMBER_ 

RBN 3 C A 9 

RCD C C 0 0 

RCP 1 C 0:15 0:15 

REAM B 9 0:15 0:15. 8 

REL 0 l 0 1 

REM 3 A 4 1 20 

REM 3 B 4 4] 21 

RET A 7 C 0 

RGN 3 C A 8 

RL A 7 0:5 0:15 23 

RNK | B 0 0:15 0:15 

RPF 3 C A D | 

RPR 3 A 4 A | 

RR 0 7 0 0 : 

RRA 3 C B 4] : 

RSA 3 C B 2 

RSN 3 ie A 7 | 

RST 6 5 5 

RTF 3 C A 4 

RTH 3 C A 0 

RTK B C 0:15 0:15 8 

RTKM B D 0:15 0:15 8 

RTN 3 C A 6 

RXEAM B B 0:15 0:15 8 

RXTK BD E 0:15 0:15 8 

RXTKM B F 0:15 0:15 8 

SCP 1 4 0:15 0:15 

SET 6 7 5 

SK 4 4.5 

SKE 4 | 4,5 

SKL 6 0:15 0:15 4 

SKP E 3 0:5 0:15 

SKZ 4 D 0 4 
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‘INSTRUCTION > _ OP CODE | PARAMETER SEE FOOTNOTE | 
u is ou iy NUMBER 
SLRO 0 a. 0:14 0:14 
- SLROS 0 3 0:15 0:15 
SRJ 2 0. 0:15 0:15 3 
SRR 0. 4 0 : 9 
STOP O- 0 O 0. 
SUA 9 8 0:15 0:15 1* 
m@ SUB AD | 8 0 17, 18 
SUK 9 F 0:14 0:9 a 
SUM 9 0 0:15 0:15 1 
~  TAIR 9 C 0 0:3 22 
m@ TASB A& c O- 17. 18 
TK A C 0:15 0:15 8 
TKM A D- 0:15 0:15 8 
m= TMSB A 5 8 0 18 
TRA 3 8 0:15 0:15 ] 
TRAB i. oe 0:1 0:15 
TRB 1 E 0 1:15 
TRBA 1 B 0 1:15 
TRCA B 8 O 0:15 18 
TRCB 1 6 0:15 0:15 16 
TRCM B 9 0 0:15 18 
TRF 1 7 0:15 0:15 
TRM 3 0 0:15 0:15 I 
TSB i F 0 1:15 x 
E TSBA A 4 0 17, 18 
TSBM A 5 4 0 18 
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INSTRUCTION. OP CODE PARAMETER SEE FOOTNOTE 
U Lt U tL NUMBER 

WL A 7 A 0 

XA Cc 6 0:15 0:15 1* 

XB 0 C 0:15 0:15 

XBA B A 0 (0:15 

XC x 2 0:15 0:15 16 

XEAM A B 0:15 0:15 8 

XMOD 0 A 0 0 

XN D 7 0:14 0:15 

XPA C A 0:15 0:15 1*, 20 

XPA 1 C 0:15 0:15 1* 21 

XPBA BL E 0 0:15 

XPN D 6 0:14 0:15 

XPNS+ D 2 0:14 0:15 

XPNS- D 3 0:14 0:15 

XTK A E 0:15 0:15 8 

XTKM A. F 


Revised 7-23-71 by i 
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OPERATION CODE AND PARAMETER TO MACHINE CODE 
(DATA COMMUNICATIONS ADDITION) 


INSTRUCTION OP CODE PARAMETER SEE FOOTNOTE 


= = 3 = oe a 
IRCP A 0:15 0:15 1 
LKBR F 0 0:15 0:15 1, 10 
LPF 3 4 A D 
LPR 3 2 4 A 
LRA 3 4 B 1 
LRBR 1 8 0:15 0:15 1, 10 
LSA 3 4 B 2 
LSN 3 4 A 7 
LSR 6 4 2 0:15 
LTF 3 4 A 4 
LIN 3 4 A 6 
OFF 
PAB D 0:9 0:15 8 
RCP l C 0:15 0:15 11 
RPF 3 C A D 
RPR 3 A 4 A 
RRA 3 C B ! 
RSA 3 C B 2 
RSN 3 C AD 7 
RTH 3 C A 0 
RTK 3 C A 4 
RTN 3 C A 6 
SCP i 4 0:15 0:15 1 
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INSTRUCTION 


TKM 
TRAB 
TRB 
TRBA 
TRCB 
TRF 
TSB 


_OP CODE 


TrNaw mun 


PARAMETER 
UU es 
0:15 

1:15 

. 1:16 
0:15 0:15 
0:15 0:15 
1:15 
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SEE FOOTNOTE 


NUMBER 


15 
12 
13 
16 
14 
12 


Revised 7-23-71 by 
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FOOTNOTES | 
FOOTNOTE Gitenents preceded by an asterisk apply to only extended memory machines.) 
1. For word aumnber 256:511 add 1 to he OP sie lower. 


For word number 512:767 add 2 to the OP code lower except for the following instructions 
which are restricted to referencing words 0 to 511 of user memory: 


ADA 

SUA 

MUL 

MULR 

DIV — 

CLM a 

CPA 

XA 
The PA instruction for the 40-track system has a new OP code of 18. For word number _ 
— 256:511 add 1 to the OP code lower (18 + 1=19). For word number 512: 767 add 2 to pane 

_ OP code lower (18 + 2=1A). 


“*These instructions are restricted to referencing words of sede) 511 of user nende: : 


D, Modify OP code lower as follows: 


INEXREG.NO. 4 1 2 °3— 
ADD TO OP LOWER 0 1 2 3 


3. Modify OP code lower as follows: 


Syllable Word Number Add to OP Lower 
0 0:255_ 0 
1 0:255 4 

2 0:255 8 
3 0:255 C 

0 256:511. 1 

1 — -256:511 oS . 
2 —6-.256:511 | 9 

3 256:511 D- 
*() 512:767 2 
*] 123767 6 
pene 512:767 A 
#3  §422767 E 


mBi4 | 
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4. OP code lower is derived from table below. 


# OF INSTRUCTIONS 
TO BE EXECUTED OR 


INSTRUCTION | SKIPPED > | - OP LOWER 
SK 4 0 
or l l 
SKZ 2 2 

3 3 
EX 4 4 
or l 5 
EXZ 2 6 
3 7 
SKE 4 8 
1 9 
2 A 
3 B 
EXE 4 C 
l D 
2 E. 
3 F 
SKL 4 g 
] 9 
2 A 
3 B 
EXL. 4 C 
1 D 
2. E 
3 F 


Revised 7-23-71 by =. , 
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mM B-16 


Parameter Upper Digit is cone as follows: 


FLAG TYPE a PARAMETER UPPER 
_ READ R 0 
Y. « 5 
TEST TT. 8 
OCK’S Ke 9 
ACCUM oA C 
KEYBOARD __B (Buffer) 3 
DATA COMM _ D (Buffer) A 
SKZ_ D 
EKZ D 


Parameter ewes Digit is determined as follows: 


FLAG GROUP a MACHINE LANGUAGE 
A T P,R,X,Y,K,B, D ‘CODE VALUE 
04 y 
SL1 9 
CI 2 4 
MU 3 g 


EXAMPLE: If test flag L is being tested, the lower digit parameter is 2. If test flag L and U 
| are being tested, the lower digit parameter is the sum of the representative code 
values 2 and 8 = 10. Since the hexadecimal representative of 10 is A, the male: 

meter lower digit is A. 


Program Key Parameter Designation is determined as follows for Upper and Lower Digit 
Parameters. 


UPPER | LOWER 
PROGRAMKEY 8 7 6 5 4 3 2 1 
_ WEIGHT 8 4 2 1 8 4 2 #1 


EXAMPLE: To determine upper and lower parameter values for keys 7 and 4. Key 7 value is 
: 4, key 4 value is 8. The upper and sOwer parameter digits are then 4, 8. 


EXAMPLE: To determine Upper and Lower parameter values for keys 8 and 5. Key 8 value | 
is 8 and 5 value is 1. Both are within the Upper parameter giving an Upper _ 
parameter digit of 9 (8 +1) and Lower parameter digit of 0. | 


APPENDIX B (Cont’d.) 


7. PC character codes are determined from the following chart: 
TC 500 CHARACTER SETS 


The USASCII and Commerical character sets for the TC 500 are listed below in their collating sequence 
in ascending order. Each character set consists of 64 graphic characters, the Space code, and the End of 
Alpha code. The USASCI character set consists of the USASCII characters in columns 2, 3, 4, and 5 of 
the USASCII table, plus End of Alpha (NUL) and Overline. Those Commercial characters that differ 
from the USASCII characters are shown in parentheses. 


The internal or machine language code for each character is given; this code consists of two hexadecimal 
digits which correspond to the column and row number of the character in the USASCII table (A = row 
10, B= 11, C= 12, D= 13, E= 14, F= 15). In addition, the decimal value of each character is given 
as required when using Index Registers for modification. 


Indexing 


Character 
Value 


Indexing 
Value 


foun 
cB) 
— 
O 
Ww 
Say 
a0} 
S 
oF 


Internal 


Character 
Internal 
Indexing 
Value 
Internal 
Code 


Code 


ol 9) 
en 
or 
~ 
© 
— 
om 
non 


Internal 
Code 
Value 


- Oo CO NY DNWB On HR WH NO KK OO 
meexK SBSH GAH nRWA 


Tmoawm,FOwHIADUNUA WH OO 
TMOOWFOWMIAHAWHHEO 
OoZ2ZfrrwA ae TAM MIA ew ?P O 


RA DRA RR RRA RR RR RRA A 
“muon w > © ON A nAnPpwWHOKHK OO 


maomonwerowmrirnntbk WN OD 


~] 
"TI 
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8. 


o. 


PARAMETER LIMIT 


15% INCH FORMS HANDLER — 0:150 
26 INCH FORMS HANDLER = 0:255 


Lower Parameter determined as follows: 


SUBROUTINE RETURNLEVEL 1 2 3 4 | 
MACHINECODE =O 123 


. Use upper and lower parameter of 0 (zero) to indicate data communication processor “send or 


receive buffer. 


. Parameter limit 1:255 


Parameter limit 1:15 


. Parameter limit 0:16 
. Parameter limit 0:255 
. Parameter limit 0:15 


. Column number (stick number) from USASCII table i is upper peter Row number (level 


number) from USASCII table is the lower paremeta 


Lower OP code is determined as follows: 


Unsigned - | 
Signed 3 


. Add hexadecimal value of format number, minus 1, to the upper and lower parameter. 


Add hexadecimal value of line number, minus 1, to the upper and lower parameter. 


. For 32-track systems. 


For 40-track systems. 


Mm B18). 
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22. Modify lower parameter as follows: 


INDEX REG.NO. LOWER PARAMETER 


BhWN — 
OWN = 


23. Upper parameter is determined as follows: 
0 Read and align to the line number on the magnetic unit record. 
1 Read and align to the line number contained in the magnetic unit record count register. 
2 Read and align to the first sosting line. 


3. Non-read and align to the line number contained in the magnetic unit record count 
register. 


4 ‘Read and eject magnetic unit record. 


5 Read from magnetic unit record reader. 


Revised 7-23-71 by i 
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OCmANMNTNOFOANDDAMOUAMWMHOANMTNOOFADAMOAWE 


COODODOOUDOUOUOUOUOUOUOUOWUOR RR RR RRR RRR RRR ER 


D TO| PARAMETER 


DEC. | AD 
EQUIV. OP 


FIELD 


trrdrtde teeter tT TT HONK NHHHNH NH NNN HNHNH 


D TO | PARAMETER 


DEC. | AD 
FIELD = |/EQUIV. OP 


OP 


DECIMAL TO HEXADECIMAL CONVERSION TABLE 
ADD TO | PARAMETER 


ADD TO | PARAMETER || DEC. 
OP FIELD EQUIV. 


SOo:0'O 6:0 0 


oooo°oco 3° 


0 
0 
0 
0 
0 


SOCeoooOScocoSeSooOoooCcoooS 


12 
13 
14 
15 
16 
17 
18 
19 
20 


OmrNNTNOM OAS = 
| — 


DEC 
EQUIV. 
21 
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DECIMAL TO HEXADECIMAL CONVERSION TABLE 


DEC. | ADD TO| PARAMETER || DEC. | ADD TO|PARAMETER || DEC. | ADD TO|PARAMETER || DEC. | ADD TO| PARAMETER 
EQUIV. FIELD = || EQUIV. OP FIELD EQUIV. OP FIELD EQUIV. OP FIELD 
L 


OP 
fe fulef fe fuefef fe fufe f fe fufa 
nee 


ZOO-T8PSPOL NOd 
AQ TL-EZ-L Postasy 


Ic-d 


000 0 OO 0 0 0 0 OH O © 0 © © & C & & C& WH HD GC & GH WH C& & & OO 
MIMOoAWPwoMm IA KH PWN OMMTAwWTPOMAAIADANRWH = 


ooocoocooooqcjcooocjctooqc}jtoooocjtodoodooojcococro oc 0 © 


WWWWWDWDWWDnwDWmDwnnnwnrrrrrrrr rr rrrrrp 
TIMOAWMWPOMAADAUNAWNHKOMMTUAQwWPWOAAIAUNBRWNHK OC 


SODDDOCDOC OO COCO OOOO OCC OOO COC OOC OCS 


OOOO OCU OO OOO OO OO O:0'O 0.0 OOO.) O20 0O-0.-2 2 


MMOADWFOMIDNAWNHKOTMOADSFUOMIADANUAWN HO 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0) 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0) 
0 
0 
0 
0 


So Mes Mies iies Meo Mies Mes Mesiics Mes Mes Bese oMesiesieoM cscs coMeoMesMcoMesM coco MesMcoMes col esMesMes 
MNOAWP>F CMOINDNAWNHOMMOAWPUOMAIANAWNHO 


("P,240D) @ XIGN3ddV 


ace: i 


DECIMAL TO HEXADECIMAL CONVERSION TABLE 


DEC. a TO |PARAMETER ‘DEC, see TO PARAMETER DEC. oe ie PARAMETER .s 
EQUIV. FIELD EQUIV. FIELD. EQUIV. | _ 


gen eg PARAMETER 
Jeouv. F lELD 


NY 


329° 
330 


0 1 
1 
2 l 
3 ] 
4 1 
a 1 
6 1 
7 1 
8. ] 
Boe l 
A l 
iB. ] 
= oa ] 
: D | 
EO 
im) ] 
— 0 336 ] 
1 l 
a 1 
pe Be 2 l 
4 
Es - ] 
6 1 
7 ] 
| 8 ] 
9 1 
A 
|B. l 
¢ | 
D . ] 
E. 1 
F. ] 


|| 334 | 
|| 335. 


340 a 


348. 


TMmoaw> OMHADNHAPWNKOTMOAWPOAIDNAWNHO ia 


AMOADSOOMDIDANUAWNH- OTMUADWPOMIDANAWNHO| 


i] 
1 
] 
1. 
1. 
ae 
a 
1. 
— ] 
$4 
1 
a Ws. 
1 
1 
1 
1: 
] 
al 
1 
1 
1 
1 
1 
] 
J 
1 
1 
] 


AMNAMANAAMAUNUNNAUNAUNUNNAUNADRRHRARARAAARAARADR A 


ee ee ee eee 
SAYIN AIIIADAVDANAANAAAAAAAD 


NAMOAWDSOCHOIDNAWNHOTMYINADSOMIAY Pee 


1 
4 
_ | 
a 

i 
4 
4. 

1 
4 
a 2 
. 

] 
| 
A 
4 
1 
1 

1 

1 
4] 

] 
| 1 

] 
ZN 
| 
4 

1. 
od 

1 

] 


|} 351 


(P,aueD) @ XIGNAddV 


ZOO-18SPOT NOd 
AQ TL-€Z-L Postaoy 


M@ ¢c-d 


DECIMAL TSO HEXADECIMAL P CONVERSION TABLE 


DEC. eer TO | PARAMETER || DEC. bare ti PARAMETER DEC. oe TO |PARAMETER || DEC. aes a PARAMETER 
EQUIV. FIELD EQUIV. FIELD EQUIV. FIELD EQUIV. FIELD 


MTMOUAWS DCDOIDNAWNHOMMOONADWEPOMIADANUAWNHO 
WWWWWWwmWmnnnwnnwnwneperrrrrr rrr rrrrrrr> 


TMUAWFOMIDNUAWNHOTMMOADSOMIDANVAWNHO. 
iN 
on 
Gd 


] 
] 
| 
] 
l 
] 
l 
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APPENDIX C 
ASSEMBLER PSEUDO INSTRUCTIONS | 


To space the Assembler Supt form 
the number of lines specified in the 
A parameter. 


To store alphanumeric constants. 


To reserve words 1-10 as card read- 
in buffer, automatic branch to word 
11, syllable 0. 


A parameter indicates the beginning 
card column of a field, B parameter 
defines the number of card columns 
in a field. 


Ahexa- — To allow insertion of 4 hexadecimal 
decimal _ digits into a syllable of memory. 
digits | | 


ON* | | To assign a value to a label. 


0-15 0-1. To assign a value to a label in both 
A and B fields. 


For documentation when assem- 
bling on B 2500, B 3500, B 5500 49 
characters beginning in column 29. 


To terminate the Assembler pro- | 2.01.09, 
gram, the last line of code in the 
program. | 


To equate the label in label field to 
the label in the A parameter. 


To reserve 32 words in high order 
memory for receive send buffer. 


_ Allow entry of mask word 24 print 
format characters are accepted. 


For docimentiion will allow entry 
of 25 characters, beginning in col- 
umn 53. 


To store numeric constants. 
To assemble the instruction follow- 


ing ORG in the word location speci- 
fied in the A parameter. 
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| OP CODE as FUNCTION | _ SUBJECT REFERENCE 


To space Assembler output to the 
first line of the next page. 


To reserve the number of words 


specified in the A parameter for 
working-storage. 


To cause the Assembler to assign the 
next instruction in syllable O of the 
next word. 


*The upper limit is variable depending upon which Operation Code the label will be used. 


**The upper limit is variable depending upon the amount of user memory. 


APPENDIX D 
SERIES L/TC CHARACTER SETS 


The USASCII and Commercial character sets for the Series L/TC Systems are listed below in their 
collating sequence in ascending order. Each character set consists of 64 graphic characters, the Space 
code, and the End of Alpha code. The USASCII character set consists of the USASCII characters in 
columns 2, 3, 4, and 5 of the USASCII table, plus End of Alpha (NUL) and Overline. Those 
Commercial characters that differ from the USASCII characters are shown in parentheses. 


The internal or machine language code for each character is given; this code consists of two hexadecimal 
digits which correspond to the column and row number of the character in the USASCII table (A=row 
10, B=11, C=12, D=13, E=14, F=15). In addition, the decimal value of each character is given as 
required when using Index Registers for modification. 
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APPENDIX E 


TABLES OF MASK CODES 


TABLE E-1 MASK CONTROL CODES 


CONTROL CODES PRINT FUNCTION PUNCH FUNCTION 


Print $ No effect 


Suppress Punctuation No effect 


No effect Leading zeros punch in P flag set blank card 
column in 80 column card if P flag reset. 


Print Condensed Numeric Monetary punctuation prints without causing 
printer escapement. Requires PIP hardware. 


TABLE E-2 MASK FLAG CODES 


FLAG CODES PRINT FUNCTION PUNCH FUNCTION 


Print digit regardless of signif- | Punch character regardless of signif- 
icance. icance. 


Print digit and comma regard- 
less of significance. 


Print decimal point and digit 
regardless of significance. 


Print digit and decimal point 
regardless of significance. 


Suppress Terminal Zeros 


Decimal point and terminal 
zero suppression. 


Units of cents leading and ter- 
minal zero suppress. 


Tenths of cents decimal point 
with leading and terminal zero 
suppression. 


Leading zero suppression. Punch if: 
1. P is set. 
2. Accumulator digit not Zero. 
3.A non-zero digit has been 
punched. 


Leading zero suppression and 
comma. 


Leading zero suppression and 
decimal point. 


Revised 3-29-71 by 
PCN 1045481-001 E-] 


APPENDIX E (cont'd) 


io FLAG CODES © PRINT FUNCTION ~——i||— PUNCH FUNCTION | 


Print only if Accumulator digit 


non-zero. 


Ignore digit | Ignore 


Terminate, non-print Terminate, non-print 


APPENDIX F 
ERROR MESSAGES | 


a TOPIC 

MESSAGE | MEE EreNCE | 
Assembler II1!| — B 3500 Error Messages and Warnings 5.03.06 
A PARAMETER — MUST HAVE NUMERIC VALUE 1-4 - 
B PARAMETER — MUST HAVE NUMERIC VALUE 0-255 ” 
A — ENTRY MUST BE NUMERIC AND LESS THAN 767 my 
BACKWARD ORG NOT ALLOWED ON ASSEMBLER I a 
CDB MUST BE FIRST INSTRUCTION IN DECK = 
DEFT PARAMETERS MUST BE NUMERIC AND 0-15 “ 
EMPTY ie 
EMPTY FIELD — LENGTH FIELD ey 
HAS ALREADY BEEN ENTERED AS A SYMBOLIC IDENTIFIER - 
HAS NOT BEEN ENTERED AS A LABEL | 7 ‘ 
ILLEGAL DIGIT ENTERED IN CODE INSTRUCTION = 
ILLEGAL ENTRY IN INCREMENT FIELD . 
ILLEGAL PARAMETER ENTRY IN... ” 
INCREMENT GREATER THAN 255 NOT ALLOWED ON ASSEMB I - 
INVALID FLAG ENTRY PAIR OF - - | cs 
INVALID NUM ENTRY ” 
...IS AN INVALID INSTRUCTION OP CODE | 2 

. IS NOT A VALID MASK ENTRY | 7 
LABEL MUST BEGIN WITH AN ALPHABETIC CHARACTER 7 
LABEL MUST NOT CONTAIN BLANK CHARACTER - 
LABEL NOT AT START OF WORD . _ = 
MASK LENGTH RECALCULATED TO BE... | “ 
MISSING SYMBOLIC LABEL ‘i 

.NOT A VALID OP CODE di 
NUMBER OF LABELS EXCEEDS LABEL LIMIT WHEN USING ASSEMBLER I ” 
PARAMETER TOO LONG : 
PREVIOUS CARD HAS INVALID FIELD LENGTH as 
REGION MUST HAVE SIZE 1-255 7 
SEQUENCE ERROR | : 
STORAGE EXCEEDED BY INSTRUCTION | | 
SUM OF CDF PARAMETERS MUST NOT BE > 80 ” 
SYMBOLIC ENTRY ALLOWED | | “i 
Assembler IV — B 5500 Error Messages and Warnings | 5.04.06 
The messages are identical to those printed by Assembler III. See above. 9 
Assembler V — B 300 Error Messages and Warnings | 5.05.07 
A-PAR LABEL INVALID | 3 a, | ” 
A-PAR LABEL UNDEFINED | bo & o. , ee ue 
ILLEGAL | -_ 73,7 ™ a : 
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MESSAGE 

INSTR LABEL DUPLICATED 
INSTR LABEL INVALID 
INVALID CHARACTER 
INVALID CTL CARD 
INVALID FLD LENGTH 
INVALID INCREMENT FLD 
INVALID MNEMONIC 
INVALID SIGN RESULT 
LABEL LIMIT 

LAST LINE NOT “END” 
MEMORY 512 

MEMORY OVERLAYED ERR 
MUST HAVE LBL OR INC 
NO I/P CTL 

NO O/P SYM 

NO OBJECT 

NOP INSERTED 

... PARAMETER INVALID X 
_.,. PARAMETER INVALID RANGE XXX-XXX 
PRE INV FLD LENGTH 
SEQUENCE 

STORAGE EXCEEDED 
WORD LENGTH EXCEEDED 


F-2 


TOPIC 
REFERENCE 


~ 3.05.07 


‘APPENDIX G 


INSTRUCTIONS FOR KEYPUNCHING 
SYMBOLIC CARDS 


SYMBOLIC CARD FORMAT 


CARD COLUMNS DESCRIPTION 
5 - 10 Program ID 
11-15 Sequence 
16-21 Label 
22 - 26 Op Code 
27 - 28 Field Length 
29 - 34 Label “A” Parameter 
29 - 47 | Constant Data (Numeric) 
29 - 52 Alphanumeric Data or Print Mask 
35 - 38 + a — inc/rel 
39 - 42 “B” Parameter 
43 “C” Parameter 
95-77 | Remarks 


DQDODTDO OOH HOOD DONO ADODTHDH HHO OD HOODOO NNDHOHOTOHDHH HDHD DDH HNHTONNDNDD 
9°10 11.1213 14.15 16 17 18 19 20 21. 22-23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 SI 52 53 54 55) 56 57 58 59 60 61 62 63.64 65 66 67 68 69 70 71 72 73 74 75 16 77 78 79 80 
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PUTT TTTTUTDDTITTTTTAT DATTA TTT AD TD AT TTT A TT ATT TTT T TTT T TTT TTT TT TT ITI TT TY 
VOUUOCDEODOEOSOECCEOESESOSDEORONO SSUES ESSOESELINSSESSLESESSSSCESSC CES CEESSOESS 
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Drum Card For Burroughs A 149/A 150 Keypunch 
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APPENDIX G (cont’d) 


14. 


15. 


16. 
17. 
18. 


*If 


A 149/A 150 KEYPUNCHING INSTRUCTIONS 
Insert drum card — position 1. 
Lower drum card brushes. 
Turn Power switch ON. 
Turn PRINTER switch ON. 
Turn AUTO FEED switch ON. 
Turn Program switch 1 (P1) ON. 
First card stops in CC 5. ERR REL light turns on. Depress ERR REL switch. 


Must punch Program I.D. CC 5-10 in Ist card*. Thereafter, CC 5-10 will automatically duplicate. 


. CC 11-15. Sequence Number — numeric (right justified). 


CC 16-21. Label. If no Label, depress SKIP key. 
CC 22-26. Op Code. If OP CODE less than 5 characters, depress SKIP key. 
CC 27-28. Field Length (right justified). If no field ne depress SKIP key. 


CC 29-34. “A’’ Parameter. If less than 5 characters, depress SKIP key. If numeric, nore NUMERIC 
key down while punching numeric character. 


CC 35-38. + or — Increment field. If —, enter — in CC 35 (if CC 35 is blank, + is assumed). Enter 
numeric in CC 36-38. If no + or — Increment, depress SKIP key. 


CC 39-42. “B” Parameter. If numeric, hold NUMERIC key oun while- punching numeric character. 
If no “B” parameter, depress SKIP Bey: 


CC 43. “C” Parameter. Numeric only. If no “C’’ parameter, depress SKIP key. 
CC 53-77. Remarks columns — alphanumeric. If no Remarks, depress SKIP or REL key. 


When numeric is to be punched, other than Cane NES field, hold numeric key down while punching 
that field. 


Program 1.D. is not required, the user may modify the existing drum card thusly: 


1. Eliminate the 2 punch in card column 5. This will allow the detail card to duplicate blank 
columns 5 through 10. 


or 


_ 2. Eliminate the 12 punch in card column 4. This will allow a skip over columns 5-10. 


KES: 


APPENDIX G (cont'd) 


024/026/029 KEYPUNCHING INSTRUCTIONS 
1. Insert front drum card — star wheels down. 
2. Turn Power switch ON. 
3. Turn PRINT switch ON. 
4. Turn AUTO DUP-AUTO SKIP switch OFF - first card only. 


5. Must punch Program I.D. CC 5-10*. Turn on AUTO DUP-AUTO SKIP after punch of sequence 
field, so that CC 5-10 will automatically duplicate on all subsequent cards. 


6. CC 11-15. Sequence Number — numeric (right justified). 

7. CC 16-21. Label. If no Label, depress SKIP key. 

8. CC 22-26. Op Code. If OP CODE less than 5 characters, depress SKIP key. 
9. CC 27-28. Field Length (right justified). If no field length, depress SKIP key. 


10. CC 29-34. “‘A’’ Parameter. If less than 5 characters, depress SKIP key. If numeric, hold NUMERIC 
key down while punching numeric character. 


11. CC 35-38. + or — Increment field. If —, enter — in CC 35 (if CC 35 is blank, + is assumed). Enter 
numeric in CC 36-38. If no + or — Increment, depress SKIP key. 


12. CC 39-42. “B” Parameter. If numeric, hold NUMERIC key down while punching numeric character. 
If no “B” parameter, depress SKIP key. 


13. CC 43. “C” Parameter. Numeric only. If no “‘C’’ parameter, depress SKIP key. 
14. CC 53-77. Remarks columns — alphanumeric. If no Remarks, depress SKIP or REL key. 


15. Whenever numeric punching is required, other than sequence field, numeric key must be held down 
while punching that field. 


* If Program I.D. is not required in detail card, insert a ‘12’ punch in CC 5 of program card. This will 
allow skip CC 5 through 10 in detail card. AUTO DUP/AUTO SKIP key can be turned on from the 
very first card. 
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USASCII CHART AND CHARACTER SETS 
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USA Standard Code for Information Interchange 
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-USASCII 
CHAR © 


USASCII 


-INTRNL_ 


CODE 
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GRAPHIC) Tape CODE 
| | | VALUE » 


wnt 


[| EBCDIC 


-papER. | INDEX || GRAPHIC 


REG 
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SS 
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a ae 
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2 ae 
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K || GRAPHIC | 
CHAR 


BCL. 


CARD 
CODE 


—g0coL | 


E |] INTRNL 
Y || BUFFER 
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“SLUS YSLOVYVHO 


Key: * Keyson 026, 029 A 149 and A 150 Punch Correct Code. 
M Multipunch on 026, 029, A 149 and A 150. 


# Keys on 029, and A 150 punc 
1 


h correct code; multipunch on 026 andA 149. 
Keys on 029 and A 150 punch invalid code; multipunch on 026, 029,A 149 and A 150. 


USASCII _ |b epepic BCL 
| USASCHE | INTRNL L/TC INDEX || GRAPHIC K || GRapPHic | K 
CHAR CODE GRAPHIC | _ cane E CHAR | CARDCODE | E || BUFFER TAPE 
| Y Y |} UP LOW | UP LOW 
2 0 ee: * SP BLANK *l o, o JA 0 
a. 4 A es e@ I X 11-0 Mii 6/ 0 {2 1 
2 2 - » © # . 0-8-7 Mi] 2] F {2 2 
2 3 oe + ee * # 83 |*f 0} B IA 3 
2 4 : . $ 1 1-8-3 *! 4} B |2 | 4 
2 5 e * Qo 0-8-4 *l 21 C 1A 5: 4 
2 6 ® * & 12 *i 8} 0 JA 6 
2 7 e- # > 8-7 Mi Oo] F {2 | 7 
2 Ae 28: ® # ( 12-8-5 #1181 D {2 8 
2 9 - @ # ) 11-8-5 #]1 4] D [A 9 
lo | aw ° * 11-8-4 *1 4) C JA A 
|2 | B e I + 12-0 Ij} Al O {2 B 
a ee ® * 0-8-3 *i 2) B IA Cc: 
2 D ° ; - 11 *ll 4) 0 12 | D 
, 2 E e * , 12-8-3 *i 8} B [2 E 
i 2 F @ / * / 0-1 *i 2] 1 JA F | 
O- 3 | O 0 * 0 0 *l 2) 0 43 0 
1 3] 1 d 1 * 1 1 * 1 O} 1 |B 1 
2 13 2 2 2 * 2 2 *lO| 2 |B 2 
3 3 3 3 3 * 3 3 *l| 0] 3 43 3 
4 3 | 4 4 4  |* | 4 4 *! O| 4 IB 4 
5 3 5 5 5 5 * 5 5 *i oOo} 5 13 | 5 
6 3 6 6 6 * 6 6 *l 0} 6 13 6 
va 3 7 7 7 * 7 7 *i1 QO] 7 IB 7 
8 3 8 8 8 * 8 8 *ll oO} 8 IB | 8 
9 3 9 9 9 * 9 9 *l 1} 0 13 9 
ae 3 A. 8-2 # 8-5 Mii O| D {3 A 
a 3 B _ 11-8-6 |#]] -; 1 1-8-6 #114] E |B B 
< 3 C < 12-8-4 | # < 12-8-6 Mii 8] E {3 C | 
ae 3 | D = 8-6 |# = 0-8-5 Mil 2] D |B D 
> 3 E > 0-8-6 |# > 8-6 Mi O| E |[B E 
- 3 F_ ? 0-8-7 | # ? ALL OTHER | M} 3 F 
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APPENDIX I | 
TABLE OF INPUT CODE ASSIGNMENTS 


A Table of Input Code Assignments provides the means by which any type of paper tape code (BCL, 
etc.) may be read and interpreted into the Series L/TC internal code (USASCII). The table not only 
permits any type of code (from any 5, 6, 7, or 8 channel tape), but also enables assigning any desired 
character or certain functions to be interpreted from a particular code. Tables are available for such 
common code sets as BCL, IBM 046, Friden and 5 Channel Teletype (Baudot); however, any other code 
set (up to 8 channels or bits) may be incorporated. 


Input tape that contains USASCII code does not require a table for conversion, but may use a table if 
special functions are desired from certain codes. 


The conversion table, where required, is stored in the Normal (or user) area of memory and occupies up 
to 16 words. Each code (character) in the tape is represented by a pattern of punches in one position 
(or frame) which constitutes a unique configuration of “‘bits.”’ As codes are read from tape, each code 
references its own character position in the conversion table based on its “bit”? configuration. In other 
words, the bit configuration of the code serves as an “address” to a specific position in the table. The 
way in which that code is interpreted is determined by the internal code value that the programmer has 
placed in that position of the table. The tables available represent “‘standard”’ interpretations of characters 
and functional codes. The internal code representing an input code may be changed in the table to suit a 
user’s particular need and give any desired interpretation as outlined in the following paragraphs. 


INPUT FUNCTIONS FOR 6, 7, or 8 CHANNEL TAPE BASED ON THE TABLE OF CODE ASSIGNMENTS 


An input code is interpreted in any one of the following ways depending 0 on the internal code anes in 

its position in the table (does not apply to 5 channel code): 
1. Interprets the incoming code as one of the Series L/TC printable (graphic) characters when the 
internal code for that character 1 is contained in that position of the table. 


2. Ignores the incoming code when the Series L/TC internal code for moore 1S contained in that 
position of the table. 


3. Interprets the incoming code as an invalid character when a forced parity error is contained in 
that position of the table. This turns on the Invalid Code Indicator Light and sets Reader 
Invalid Code flag. | 

4. Causes the incoming code to set any or all of the flags of one flag group (the Y or K flag 
groups). The flags can then be tested as part of the user program, to provide alternate results. 
Codes that set the Y or K flags also terminate the read instruction. Incoming codes interpreted 
in this manner serve as Field Identifier codes and do not provide a eer Series L/TC 
character. 


5. Causes the incoming code to set any or all of the Accumulator (A) Flags during a Read 
Numeric instruction. This permits numeric data to be read as minus and/or identified uniquely 
(as per hundred, etc.). The flags can then be tested to cause alternate results as part of the 
user program. Codes that set the Accumulator Flags do not terminate the Read instruction; 
therefore, they can be located in any character position in the data field on the tape. They do 
not provide a printable character during read-in, but as in the case of the Sign flag, subsequent 
Print Numeric instructions can be affected. | 


The codes described in paragraphs 4 and 5 above may or may not correspond to those codes that are | 
normally considered ‘‘control’’ or ‘‘functional” in a given code set, depending on the iteEpretaHign value © 
given to them in the table by the programmer. 7 7 


APPENDIX | (cont'd) 


FIRMWARE SUBSETS FOR THE TABLE OF CODE ASSIGNMENTS 


Specific GP 300 Firmware subsets are provided with paper tape input/output capability. However, the 
Table of Code Assignments is usually loaded into memory as part of the user program load procedure. 
This permits using various code sets at different times with the same user program, or permits use of a 


different code set with each separate user program without changing the firmware, with certain 
exceptions: | 


1. Input with any code set requiring conversion to the internal code (USASCII), with a table of 

| code assignments, requires a firmware subset that provides “table look-up.” Input with 
—. USASCII does not require “table look-up” firmware since no conversion is necessary. 

: However, various code sets can be used as input to the same system, along with USASCII, so 
long as “‘table look-up”’ firmware is used and a table of code assignments is provided for each 


code set including USASCII. 
2. Firmware for 5 channel code includes “table look-up”’ capability; however, it is different than 
firmware for 8, 7, or 6 channel code, or for USASCII (no table look-up). 


USASCII PAPER TAPE CODE WITHOUT TABLE LOOK-UP FIRMWARE 


When USASCII is the paper tape input code, a table of code assignments is not required, and a separate 
Firmware subset is provided. | 


The following chart shows the code that represents each of the USASCII characters on tape (even 
parity). Each character is represented by two hexadecimal digits: the left for the upper four bits, the 
right for the lower four bits. As the tape is read and after parity checking, the parity bit (b8) is set to 
zero before the character is stored in memory; therefore, if a tape code’s upper four bits are A, B, C, or 
D, they would become 2, 3, 4, or 5 memory respectively: (See Appendix D.) 
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APPENDIX 1-(cont’d) 


FIELD IDENTIFIER (TERMINATION) CODES: The following chart shows the paper tape USASCII 
control codes which cause tape read instructions to be terminated, and some of which set a specified 
flag pattern. Each code is represented by two hexadecimal digits. Codes in column 1 of the table set the 
““K’’ flags. These codes do not enter into memory. 


USASCII COLUMN 0 FIELD IDENTIFIER CODES** USASCII COLUMN 1 FIELD IDENTIFIER CODES 
SET BY CODE* 
2 1 


SET BY CODE* 
OCK FLAG NUMBER 
3 2 1 4 


PAPER TAPE 
VALUE 


Ww 


4 
0,0 0 0 0 0 DLE 9,0 0 0 0 0 
8,1 0 0 0 1 DCI 1,1 0 0 0 1 
8,2 0 O 1 0 DC2 1:2 0 0 1 O 
0,3 0 O 1 1 DC3 93 0 0 1 1 
8,4 0 1 0 0 DC4 1,4 0 1 0 O 
0,5 0 1 0 1 NAK 9.5 0 1 0 41 
0,6 O 1 1 #0 SYN 9.6 Oo 1 1 + =O 
8,7 O 1 1 1 ETB 1,7 O 1 1 1 
8,8 1 0 0O 0 CAN 1,8 1 0 oO 0 
0,9 1 0 OO 1 EM 9,9 1 0 oOo 1 
0,A 1 0 1 0 SUB 9A 1 oO 1 0 
8,B 1 0 1 1 ESC 1B 1 oOo 41 1 
0,C 1 1 0 0 FS 9.C 1 1 0 0 
8,D 1 31 0 41 GS 1,D 1 1 0 41 
—~«8E 1 1 1 #0 RS LE 1 1 1 #0 
0,F 1 1 1 #1 US 9.F 1 31 1 4 


*O = flag is reset; 1 = flag is set 


**Firmware sets are available which prevent the setting of the Y flags when these codes are read. 


The NUL code is the same as a sprocket feed code in that no channels are punched in a frame, and 
thus, it functions differently than the other field identifier codes. During a read tape instruction, it is 
ignored (treated like a delete code — DEL) until the first significant character of data is read. If 
encountered after the first significant character, it will then be treated as a field identifier code and will 
terminate the read instruction. It should not be used for a field identifier code if a variable field of data 
would ever contain no significant data but only a field identifier code. This would cause the NUL code 
to be ignored, since a significant character was not read, and it would not serve its intended function to 
terminate the instruction. This would result in the paper tape getting out of step with the program. 


The END OF ALPHA (code 0,0) is the same as the NUL code. 


The DEL (Delete) code is completely ignored by all paper tape read instructions, and does not count as 
a character read. It consists of a punch in all 8 channels in a frame of tape. 


1-3 | 
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ACCUMULATOR 


TAPE CODES mete 


C 
oO 
0 
0 
0 
0 

0 
0 
0 
! 
! 
! 


KK COFKF COFHKF OOHH OOM 
KF OoOrFOoOrForKrorKroHoHoecot 


TABLE OF OUTPUT CODE ASSIGNMENTS 


When a code set other than USASCII is desired in the output tape, or when certain variations may be 
desired in the USASCII set, a Table of Output Code Assignments may be used. This permits output into 
any 5, 6, 7, or 8 channel code without modification to the Perforator. Output in USASCII code does 
not require a table. 


The table is loaded into a Normal memory area and occupies up to 16 words. The loading may 
accompany regular loading of user programs. This table is a separate table from the Table of Input Code 
Assignments described above. Each Series L/TC internal character selects a particular character position 
in the output table. The 8-bit code that is put in each character position of the table is the code that 
will be punched into the output tape. | 


Normally, the Punch Code (XC) instruction will be used to punch field identifier (functional) codes. 
However, since any of the Series L/TC internal characters, through the table, can cause any 8-bit code 
to be punched, field identifier codes may be punched in this manner.also. _ 


APPENDIX | (cont'd) 


The programmer may construct an output table to achieve any desired output code. However, tables are 
available that contain “‘standard”’ values for the following code sets: 


BCL/IBM 8 channel 
Friden 8 channel 
USASCII 8 channel 
Teletype 5 channel (Baudot) 


The bit configuration of most Friden tape codes is the same as BCL. However, many of the functional 
code names given to the various codes are different, and for that reason a table is provided for ease in 
interpretation. 


FIRMWARE SUBSETS FOR THE TABLE OF CODE ASSIGNMENTS 


The firmware which includes “table look-up” for conversion of the internal code to the output code is 
different than firmware which does not use “table look-up’ (output in USASCII). Thus, a USASCII 
table is available for use in systems that require ‘“‘table look-up” firmware due to varying output code 
requirements. 


NOTE: Output in 5-channel tape code requires firmware that is different from either 8-channel ‘‘table 
look-up”’ firmware or for output in USASCII without “’table look-up.” 


APPENDIX J 
GP 300 TIMINGS 


This section contains the timings for GP 300 instructions as recorded by tests on Firmware Set 
2-1002-001-02. The timings are averages depending upon two factors: 


1. The Firmware Set being used. 


2. The context in which the particular macro instruction appears, in particular fetch time and 
other disk position considerations. 


TIMINGS 


The following instruction timings were measured on firmware set 2-1002-001-02, with the instruction 
placed in syllable zero. When an instruction is placed in syllable three (3) or the execution of the 
instruction causes a word boundary to be crossed, an additional 10 to 20 milliseconds will be required 
for a new instruction word access. ; 


When the keyboard extension buffers are full and the hardware buffer (A3) contains at least three (3) 
characters an additional 10 ms must be added to every macro instruction. 


This condition could occur with 13 entries in the buffers. The following is a typical example of this 
condition. 


EXT. BUF 1 EXT. BUF 2 EXT. BUF 3 EXT. BUF 4 


901_ 23 4 OAB CDE 
C C | 
K 


PREVIOUSLY PROCESSED 
HARDWARE BUFFER 


FGH 


The 9 and one OCK were processed on the last keyboard instruction. Extension buffer 1 now contains 1 
entry to be processed. Extension buffers 2, 3, and 4 each contain 3 entries. 7 


When the hardware buffer receives 3 or more entries an attempt will be made to unload the hardware 
buffer. Since the extension buffers are full the unloading cannot take place. Thus, an additional 10 ms 
cycle will occur with each new instruction fetched, until at least one buffer is emptied and the hardware 
buffer is unloaded. | | 


MACRO INSTRUCTION EXECUTION TIME IN MS 
ADA | 50 
ADIR | 20. 
ADK 30 
ADM = 70 
BRU : | 20 


CHG 20 
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CLA ne - : 20— 
CLM | a ry 40 
ae CPA og wich AethOe : oe 
DIR | 7 20 : 
DIV — | | | oo * SEE NOTE 2_ 
BX. 25 a | 20: 
EXE | at ty 20 
EXL © Ps. | | | 90. 
EXZ — 20 
WIR * « 90e-,2 
INK | 20 
LIR ~ 5 ae 20. 
LKBR | : | 20 
LLCR | | 30 
LLLR | —— 30 
LOD a oe 7 30 
~LPKR | a —- 30 
LPNR 7 : 30 
LRCR | 7 30 
LRLR | re 30 
MOD i ate t og oe CG 300 | 
MUL | | | | - * SEE NOTE 3 
MULR - SEE NOTE 3 
NOP | wh bs | _ es 10 
PKA | is ete treaty 2 & * 20 
PKB | | | 20 
POS a | 10 SEE NOTE 4 
REM | | a oe 30. 
RR 2 oe oe 20 
RST Poke fw 20 
SET - eae, * fF DCO 
SK | oe a 20 
SKE | : — = 20 
SKL _ | | ae 
SKZ se |, ; | 2002” 

SLRO ee _ _ * SEE NOTE 1 
SLROS 7 | - SEE NOTE 1 
SRJ ee 400 | 

SRR OF - Stack address | 
Stack address 
Stack address 
Stack address 


* 


WN. —= © 
ih 
~] 
© 


SUA 
SUK | | - s 
SUM a eos 
TAIR | | a 
TRA | | tN gg 
TRM tag & oe 
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The following instructions are variable, since mechanical synchronization is required. These may vary 
from machine to machine. The minimum and maximum execution times shown were measured on 


machine serial #QIOOIP. 


MACRO INSTRUCTION 


ALARM 


AL 


AR 


ALR 
ALTO 


ARTO _ 


CC 
OC 


PA 

PC 
PC+ 
PC— 


PN 


FORMS COMMANDS EXECUTION TIME IN MS 
20-50 
1 LINE 60-80 
10 LINES 480-520 
1 LINE 60-80 
10 LINES 480-520 
1 LINE 60-80 
10 LINES 550-590 
10 LINES 550-590 
210-280 
210-280 


Per character 


a) If no print occurs — 


b) If print occurs 


PRINT COMMANDS *SEE NOTE 4 


50 ms 
30-70 
10 

30-70 


a) First digit or punctuation 
printed is 90-120 ms; all 
_ succeeding places are 50 


ms each 


b) 10 ms per digit or 


punctuation suppressed. 


An additional 250 ms will be required for the first printing instruction encountered after exiting the 
READY MODE unless the carriage is closed prior to executing one of the following instructions.. 


KEYBOARD COMMANDS 


NK 


40 
80 
110 


PA 
PC 
PC+ 


PC 
PCP 


ms per digit 
ms per OCK 
ms per PSK 


_ *SEE NOTE 5 
-*SEE NOTE 6 


PN 
PNS+ 
PNS— 
TK 
TKM 
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TK 
BASE = 20-50 ms (due to mechanical Timing) 
CHARACTER = 50 ms 
OCK | = 100 ms — from hardware buffer 
OCK = 110 ms — from extension buffer 
PSK = 130 ms — from hardware buffer 
PSK = ~- 140 ms — from extension buffer 
*SEE NOTE 5 
*SEE NOTE 6 
TKM 
BASE = 20-50 ms 
CHARACTER = 50 ms 
OCK = 100 ms — from hardware buffer 
OCK = 110 ms — from extension buffer 
PSK = 130 ms — from hardware buffer 
PSK = 140 ms — from extension buffer 
*SEE NOTE 5 
*SEE NOTE 6 
30 ms ___—s required to load each word to 
| memory. This will occur every 
8 characters or upon receiving 
a termination code. 
EAM 
CHARACTER = 40 ms 
OCK = 100 ms — from hardware buffer | 
OCK = 110 ms — from extension buffer 
PSK = 130 ms — from hardware buffer 


PSK = 140 ms — from extension buffer 


30 ms ___ required to load each word to 
memory. This will occur every 
8 characters or upon receiving 
a termination code. 


*SEE NOTE 5 
*SEE NOTE 6 
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DATA COMM COMMANDS 


SCP RSA 
RCP 50 ms RRA 
LRBR LSA 
LKBR LRA 
RTN 
TRAB 100 ms + 10 ms/digit transferred RTH 
+20 ms/word boundary LTN 
TRCB : 140 ms to 180 ms (avg. 150 ms) RSN 30 ms 
TRF 120 ms + 10 ms/char transferred LSN 
+20 ms/word boundary RPR 
LPR 
TRBA 50 ms +10 ms/char RPF 
IRCP +20 ms/word boundary LPF 
RTF 
PAB 20 char/sec + 30 ms base time LTF 
ho ? 40 ms | OFF 10 ms 
TKM can process at keyboard speed 


NOTE: The above times do not include the Fetch I! word boundary time of 20 ms. ‘‘Word Boundary”’ 
mentioned above pertains to the actual transferring of data during the execution of a single instruction. 


Revised 3-29-71 by 
| PCN 1045481-001 J-5 
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NOTE 1 


Shift Timing 
-SLRO 
~SLROS 
Bae = = 30ms | 
0-3 shifts = 10ms 
4-6 shifts = 20ms 
7-9 shifts = 30ms 
10-12 shifts = 40ms 
13-15 ‘shifts = S5Oms- 
Compute number of shifts left 
and number of shifts right. 
NOTE 2 
Divide 


1. a. Set down dividend (15 digits) followed by 15 Zeros. 
Subtract divisor from dividend and repeat until dividend is smaller nee divisor. 


c. Using the number of successful subtractions: 


For no. = 0to3 . eee? oe set down 10 ms | 
For no. = 4to8 | set down 20 ms _ 
For no. =9,10,11. . ~=—_—_ set down 30 ms 


d. Shift divisor one place to the right and repeat steps a, b, C, < for 15 times. 
e. Add base timing of 70 ms to total obtained above. | | | 
f, Multiply contents of the shift register by 10 ms ‘and add 46 total obtained in e. _ 


. NOTE 3 
Multiply 


1. Set down the contents of the shift register. 


2. When shift register is not equal to zero: 
a. Examine the accumulator contents for imine’ purposes. 
- b. For each accumulator digit starting least significant digit. 
| Qto6 j= set down 10 ms ~ 
6 to 9 _ set down 20 ms 


For digit 


For digit 


Ci, Subtract 1 from shift register and repeat steps 2 a, b, c until register becomes Zero. 


APPENDIX J (cont'd) 


3. When shift register = zero 


a. For digit = 0to3 set down 10 ms 
For digit = 4 to 8 set down 20 ms 
For digit = 9 set down 30 ms 


b. Repeat step 3a for each digit of accumulator until most significant digit of accumulator 
contents is reached. 


c. Add base timing of 70 ms to total obtained above. 
NOTE 4 
Positioning 


Carrier positioning time must be added to the following instructions. 


TK PA — 
TKM PC+ 
PC— 
PN 
Positioning Timings: 
0-6 positions — 300 ms. | : oo 
6-150 positions — _ , 300ms + = ms for each position beyond 6 


NOTE 5 


When the extension buffers each contain entries, the buffer full flag will be set. When the first 
extension buffer word is completely eee an additional 10 ms is required to reset the buffer 
full flag. | : 


NOTE 6 


10 ms must be added to the = entry when processed from each of the extension buffers or the 
hardware buffer. = | 


3-7 
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SERIES L/TC OBJECT CODE 


PUNCHED PAPER TAPE OBJECT TAPE CODE 


The paper tape output is in the format illustrated below. Each 16-digit word is compressed into 8 
frames of tape. Each frame contains a “lower digit” (channels 1-4) and an “upper digit” (channels 5-8). 
This type of punch format is referred to as “compact code” or “compact Hexadecimal code’. Most 
object program tapes will be punched in this format. 


In the diagram below, “1” represents a punch (bit on) and “0” represents no punch (bit off) in the tape 
channel indicated. © | 


Tape Channel 


Bit Value of Tape Channels 


Start Code ( Block No. Frame 1 

Word Number Number yo 
(0-255) 

es 

me | 

eS 

Digit Positions ”- 6 

of Word tst—St 2 

"8 

™ Y 

” 10 

End of Word ” 4] 

etc. 


The diagram shown represents a word of program as punched into paper tape. The first word contains 
the Start Code-Block Number frame and the Word Number frame. The End of Word Parity frame will 
be punched with every word. The End of Word code with the very last word in a sequence is 
“QO 1 0 1”. Parity (4 bits, as indicated above) is arrived at by exclusively OR’ing each four bit grouping 
as shown above with the exception of the Start Code and the End of Word Code. Figures 1 and 2 
illustrate the two types of compact object tape. 


Revised 3-29-71 by 
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~ PUNCH PAPER TAPE COMPACT OBJECT CODE. 


SPROCKET FEED HOLES _ 


} eee DIRECTION OF | 
- TAPE FEED 


CHANNEL . 


START Se ~~ _—BLOCK 1 
_ MESSAGE ee pce cana ae ee 


. -WORD5 


“261 


- A610 EB1B.F782 EDO3 


WESe a Str Ee ee :_¢ | ag PARITY 
START ——> | 2 BLOCK 1. 
MESSAGE — be------4----- i 


262 . 


D405 7505 0900 46D0 


ENDO -  ° See] 0S 2S oS 


MESSAGE PARITY 


BINARY VALUE — 


K-2 . at, — - | Figure 1, 
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REFERENCE: 
1. OP code lower digit requires modification according to word syllable. 
Modify thusly: 


Syllable O add O to previous value 
Syllable 1 add 4 to previous value 
Syllable 2. add 8 to previous value 
Syllable 3. add 12 to previous value 


Example: 
What is the machine language code for the instruction “Branch to word 625 syllable 2’”? 
Examine table K-2. 


The OP code upper and lower for a branch to word numbers between 511 and 676 are 72. Reference 1 
indicates add 8 to OP code lower (2+8=A) resulting in 7A. 


The hexadecimal sate for the difference between word 625 and word 511 (625—511=114) is 72. 
The machine language code becomes 7A72. | 
ASSEMBLING PROGRAMS FOR 40 TRACK SYSTEMS 


The information below is the only material which is needed in addition to Section 5 when attempting to 
assemble a symbolic program whose object program will function in an environment which allows 
extended memory macro programs. 


Assembler | pages 5-1 to 5-16 
L/TC (32 track) Environment Paper Tape I/O version 


When EXTMEM prints on the journal, depress OCK 1 to indicate this is an assembly for a 40 track 
Style L. See page 5-1. 


Assembler II pages 5-17 to 5-21 
L/TC (32 track) Environment ~ 80 Column Card 1/O version 


The control card $ EXTMEM indicates that the object program will utilize firmware which allows a 
macro program of 767 words. 
See page 5-17. 


Assembler III 5 pages 5-22 to 5-34 
B 3500 Environment 


The option EXTMEM will indicate that the : size of user memory is 767 words. 
See page oa Des. 


Revised 11-8-71 by _ 
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USASCII OBJECT PROGRAM TAPE FORMAT 
B 5500/B 300 OUTPUT | 


Each program word in tape consists of 21 frames punched in USASCII code. 


Tape Frame 
] 
2-4 
5-20 


21 


K-4 


Block No. (0 to 3) 
Word No. (000 to 255) 


16 Digits: 


Frame Digit Position 


5 


8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 


Termination Code (1,E) 


ON BON W OS 


14 


Hexadecimal digit Value expressed as code from 


USASCII table: 


USASCII 
30 
31 
32 
33 
34 
35 
36 
7 
38 
39 
41 
42 
43 
44 
45 
46 


Hexadecimal 


MiNnDAWPOMIDANUAWNKHO 


Channel 
Block Number 
Word Number 


Program 
Word 


Termination 
Code 


Sprocket Feed Holes 


meneame ee mem ee mm ee ee ee 


De ss ee e 
®@ @ O é 
® 0 o @ @ 

Soe 082205. 88 
Oe O 
@ @ re) Oe 

Oe o 6 e 

9 o 8 

@ @@o0 

6 ® 6 O e 

® © 0 @ 6 

e tO 0 @ 0 @ 

e e@ 6 re) 6 

@ fe) @ 
0 6 o 8 e 
e O @ 

) ® © O 6 
@ @ fe) 

@ O @ 
eee 0.6 6 
@6o 
O 
O 
O 
re) 


DPrOrFWHMWENITDWNWO TWO WUrF 


A610 


EB1B 
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B/82 


EDO3 


APPENDIX K (Contd) 


THE SERIES L PROGRAM PUNCH CARD FORMAT (COMPACT HEXADECIMAL) 


Card-Column 


oe |e 6 Pree Identification (Alpha-in BCL Code) — | 
9 Beginning Word Number (hexadecimal value for word 0 to 25 5) 
10 Number of Program Words on Card (Decimal 1 to 8) | 
| ll-15 | No significance | 
“16 ~~~ Block Number : 
Block 0 = blank card column . 
Block 1 = decimal 1 
ey ee ae 
25-32 | 
33-40 Up to 8 program words 
41-48 __- Each word occupies 8 card columns. _ 
49-36 Each card column contains binary value for 2 of the 16 hexadecimal digits in a word. 
37 - 64 | 
65-72 
73-80 


Hardware will cause the 12 bit representation on an 80 Column Card to be eeniprsasad into 8 bits in the 
Card Read Area during input, and conversely will cause the 8 bit representation in memory to be expanded 


into 12 bits on the output punch card in the following manner. 


8 bit code representation __ Card Column Punching 
Upper Digit — - Lower Digit 
Bits | Bits 
8 4 2 1 8 4 2 1 
»4 | | 12 Upper 
X no Digit 
a, | | | 0 Bits 
X l 
X 2 
XX 3 = 
xX 4 Lower 
X X 5 Digit 
xX X_ 6 Bits 
Xx X/ X 7 | 
x : 9 


\O 


_ Upper Digit Bits 


K-6 
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A Sample Output Card would appear as follows: 


8 
UPPER 
DIGIT 4 
BITS 
2 
P 
U 
N 
Cc 
H 
LOWER 
DIGIT 
BITS 
Vv 
A 
L 
U 
E 


1 
CARD COLUMN 


PUNCH VALUE 


FOOTNOTE 


E0704851 | E190D2B3 | 6033B2B3 49C149B0 | 60330FC1 


DEC44C32 | ES5C2DEE4 62607162 


LBIVRP 8/8 


0} BAC71490 | B4C16000 | 10090DC2 70215197 | BA5D12BA | 182858C7 | E289CD22 | 43€38042 | 


1 | {als} 4 5 | 5 | 5 5 | 5 5 5 
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FOOTNOTES 


Program I. D. (Alpha BCL Code) 


Beginning Word Number (Hexadecimal 0-255) 


Number of Program Words on card (De cial 18) 
Block Number (Decimal 0- 4) = sega? 


12 Program Words 1-8 (Compact Hexadecimal-2 Hexadecimal digits per card column) — 


Word No. Syllable = 3s 1 0 
l EBOA 7CO7 4184 ~ 5910 
2 EB14 = 9C01 D620 B030 
3 6100 3039 BO2D BC32 
4 D7EO C241 45Cl 3927 
5 EBSA C52D D1E2 EB4A 
6 4198 C218 4598 BCO7 
7 6E02 3839 OCFD C212. 
8 6423 «6 E03 7810 6422 


BCL OBJECT PROGRAM CARD FORMAT 


Card Column 

1-6 PROGRAMI.D. _ 

12 Number of words in card (1 to 4) 

13-16 Beginning Word Number (0000 to 1023) 

17332 Ist word (digit 15 in cc 17 to digit 0 in cc 32) 
33-48 2nd word (digit 15 in cc 33 to digit O in cc 48) 
49-64 3rd word (digit 15 in cc 49 to digit 0 in cc 64) 
65-80 


4th word (digit 15 in cc 65 to digit 0 in cc 80) 


ALPHABETICAL INDEX — 


A 
Accumulator — 2.00.04 | 

Accumulator Skip and Execute Instructions — 2.09.04 
Add Constant to Accumulator — 2.05.02 

Add from Magnetic Record Area to Accumulator — 2.19.07 
Add to Accumulator — 2.05.01 

Add to Index Register — 2.08.01 

Add to Memory — 2.05.01 

Advance Left and Right Platen — 2.04.03 

Advance Left to — 2.04:03° 

Advance Left Platen — 2.04.03 

Advance Line Instruction — 2.01.01 

Advance Right Platen — 2.04.03 

Advance Right to — 2.04.03 

Alarm Instruction — 2.10.02 

Alpha Constant Instruction — 2.01.02 

Alphanumeric Data — 1-4 

Alphanumeric Printing from Memory — 2.03.01 
Alpha Word — 2.00.03, 2.02.03 

Alternate Stacking Pocket — 2.18.04 

A Parameter Label — 1-3 

A Parameter — +/- Increment — 1-3 

Arithmetic Instructions — 2.05.01 

Assemblers — 5.00.00 

Assembler Pseudo Instruction 2.01.02 

Assembler VI and VIII — 5.01.05 


B 

B Parameter — 1-4 | 
Branch — Decision Instructions — 2.09.01 
Branch Unconditional — 2.09.01 


C 

Card Format Instruction — 2.01.04 

Card In/Paper Tape Out Assemblers — 5.02.03 

Card Instructions (80 Column) — 2.17.01 

Card I/O Assemblers — 5.02.03 _ 

Change Flags Instructions — 2.07.02 

Check Digit Instructions — 2.11.01 

Clear Accumulator and Insert Constant — 2.05.04 

Clear Memory Word -— 2.05.04 

Close Forms Handler Instruction — 2.04.01 

Code Instruction — 2.01.05 

Coding Form Heading — 1-1 

Coding Form Page Number — 1-1 

Compare Alphanumeric Instruction — 2.09.03 

Computing Shift Factor — 2.05.05 

Constant Data — 1-4 

Control Registers — 2.13.01 

C Parameter — 1-4 | | 

Cross Reference Table Between Program Definition Chart and 
Assembler III Output Sequence Number — 4-70 


D 

Data Comm Debugging — 3-3 

Data Communications Instructions — 2.12.01 
Data Comm Processor Operations — 2.14.02 
Data Element Codes — 2.20.03 

Decrement Index Register — 2.08.01 

Define Instructions — 2.01.06 

Delimiter — 2.20.06 

D Flag Group — 2.12.07. | 

Division Instruction — 2.05.05-2 


Documentation Instruction — 2.01.07 
Duplicate Through Column — 2,18.03-1 


E 

Eject Record — 2.19.09-1 

Enable Numeric Keyboard Instruction — 2.02.01 
End Instruction — 2.01.11 

Enter Alpha Into Memory and Punch, Non-print — 2.18.01 
Enter Alpha into Memory Instruction — 2.02.03 
Enter Into Memory and Punch — 2.16:01-1 
Equate Instruction — 2.01.11 

Error Conditions — 2.20.05 

Establish Record Areas — 2.01.07 

Execute if Accumulator Zero — 2.09.04 

Execute if Any Flag — 2.09.05 

Execute if Digit Less Than Constant — 2.09.05 
Execute if Every Flag — 2.09.05-2 

Execute Instructions — 2.09.04 


F 

Field Identifier Codes — 2.12.06 

Field Length — 1-3 

Flags — 2.00.05 

Flag Execute and Skip Instructions — 2.09.05 
Flag Instruction — 2.07.02 

Forms Control Instructions — 2.04.01 

Forty Track Style Series L — K-1 


G 


GP300 Operation Code Modifications — 3-4 


. 


Increment Index Register — 2.08.05 

Increment Receive Character Pointer — 2.12.03 
Indicator Register Flags — 2.13.03 

Insert Constant in Accumulator — 2.05.04 


j= 


K 


Keyboard Error Indicator — 2.02.01 


in 


Label — 1-2 

Line Advance Instructions — 2.04.03 

Line Discipline Format Registers — 2.14.01 

Load Card Format Register — 2.17.01-2 

Load Expected Broadcast Transmission Number — 2.12.09-2 
Load Expected Group Transmission Number — 2.12.09-1 
Load Expected Transmission Number — 2.12.09-1 

Load Flags Instruction — 2.07.02 

Load Index Register — 2.08.01 

Load Keyboard Base Register — 2.12.04 

Load Left Count Register — 2.04.03 

Load Left Limit Register — 2.04.03 

Load Memory from Card — 2.17.01 

Load Position Register Instruction — 2.03.01 

Load Print Numeric Base Register — 2.03.04 

Load Program Key Base Register — 2.02.02 
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: : Load Punch Count Register: ~ 2.16. 01- 3, 2, 18. 03. - : 


Load Receive Address — 2.12.08 
Load Receive Buffer Register — 2.12. 03 . 
Load Right Count Register — 2.04.03. 
Load Right Limit Register + 2.04.03. 
Load Send Address — 2.12:08 
Load Send Transmission Number — 2.12. 09, 
Load Shift Register —:2.05.05 ee 
Load Stripe Count Register - — 2.19, 09-2. 
Load Stripe Format Registers — 2.19.01 
L/TC Assembler III B 3500 Version — 5.03.02 
Environment — 5.03.02 
Error Detection — 5.03.06. 
Library Tape Input — 5.03. 02 
MCP Control Cards — 5.03.04 
Operating Instructions — 5.03.05 
Option Control Cards — 5.03.04. _ 
Output — 5.03.07 
Utility Routine — 5.03.08 
_ L/TC Assembler IV B 5500 Version — 5.04.02 
Environment — 5.04.02 : 
Error Detection — 5.04.07 | 
MCP Control Cards — 5.04.02 
Operating Instructions — 5.04.04 
Operation — 5.04.07 
Option Control Cards — 5.04.03 
Output — 5.04.07 
L/TC Assembler V — B 300 Version — 5.05.00 
Control Cards — 5.05.00 
End — 5.05.06 
Environment — 5.05.00 
Error Messages — 5.05.07 
Input — 5.05.00 
Operating Instructions — 5.05.06 
Output — 5.05.00 
L/TC Character Set — D-1 
L/TC 80-Column Card Input Assemblers — 5.02.00 
L/TC Paper Tape Assemblers — 5.01.00 
Environment — 5.01.00 
Keyboard Mode — 5.01.06 
Phase I — 5.01.02 


Phase I — Condensed Operating Instructions — 


Phase I — Diagnostic Facilities — 5.01.08 
Phase II — 5.01.09 


Phase II — Condensed Operating Instructions and Index — 


5.01.10 


5.01.07 


Phase IT — Error Detection aKa Indication — 5.01.11 | 


M 

Machine Code for Transaction Code Translation 
Instruction — 2.21.06 

Magnetic Record Format Instruction — 2.19.02 

Magnetic Unit Record Flag — 2.19.04 

Main Memory Processor — 2.14.03 

Mask Control Code — 2.03.05-1. 

Mask Flags — 2.03.05-2 

Mask Instruction — 2.01.11. 

Mask Word — 2.03.05 | 7 

- Memory Organization — 2.00.01 

Memory Word Organization — 2.00.02 

Miscellaneous Instructions — 2.10.02 

’ ‘Modes for Printing — 2.03.01 

Modify by Index Register — 2.08.06. 

Modify by Punch Count Register — 2.16.02 

- Multiplication Instruction — 2.05.05-1 

Multiply with Rounding — 2.05.05-2 


Two — 


ON 


_.- NOP Instruction — 2.10.02 
~ ei. +: Note Instruction — 2.01.12 © ie 
.°. Number Instruction — 2.01. 12, 2. 01. 13 
-.. Numeric Keyboard Instructions — 2.02.01. 
.». Numeric Printing Instructions — 2.03. 06 
| Numeric Word — 2.00. oe 


O 


— 


Open and Close Instruction — 2.04.01. 


-.. , Open Forms Handler Instruction — 2.04.01 


Operation Code — 1-2 


Operation Control Keys — 2. 02. 02 . 
Origin Instruction — 2.01.14; 2.01.16 


Pe 


Page Instruction — 2.01.15 


- Paper Tape Instructions — 2.15.02 
' Platen Control Register Instructions — 2.04. 03 


Point to Point Line Discipline — 2.13.01 
Position Table — 2.20.03 
Power On and Off Instruction — 2.03.09 .__- 


- Print Alpha and Punch — 2.16.01-1, 2.18.02 


Print Alpha from Card Read’Area — 2.17.01-2.. 


- Print Alpha from Magnetic Record Area — 2.19.06 


Print Alpha from Memory (D.C.) — 2.12.05. - 

Print Alpha fron Memory Instruction — 2.03.01 

Print Alpha from Memory, Non-Print = 2.16.01-1 
Print and Punch Alpha from Card Read Area — 2.17.01-3 - 
Print and Punch Numeric — 2.16.01-2, 2.18. 02-2 
Print and Punch Numeric, Shift Ribbon if Minus — 2.16.01.3, 2. 18, 02- 
Print and Punch Numeric, Shift Ribbon if Plus — 2. 16.01.3, 2.18.02 © 
Print Format (Mask) Word — 2.03.05 

Print Format Word — 2.00.03 

Print Instructions — 2.03.01 

Program Debugging — 3-3 

Program Execution — 2.00.03 

Program Identification — 1-1 

Programing Example — 4-1. 

Program Keys — 2.02.02 

Program Word — 2.00.03 

Program Writing — 3-1 


Punch Alpha from Card Read Area, Non-print — 2.17.01-3 


Punch Code Instruction — 2.16.01-2, 2.18.02-3 


Punch Feed Codes — 2.16.02 ._ 


Punch Flags — 2.16.02 


Punch Numeric, es ag ~ 2.16. 01- 3, 2. 18.02- 3 


Q 


= 


Read Alpha and Print - — 2. 15, 02, 


Read Alpha Into Memory and Print — 2.15 02 


Read Alpha Into Memory and. Punch, Non-print — 2. 15.02-1 


- Read Alpha Into Memory, Non-print — 2.15.02 


Read Alpha Into.Memory, Print. and Punch — 2. 15.02- e 
Read Alpha, Print and Punch — 2.15.02-1 - 
Read Card Instruction — 2.17. 01 

Reader Flags —-2.16.02 ..... 

Reading Punched Cards — 2.17 01 | ia 

Read Numeric Into Accumulator = 2415 02- 1 _ 

Read Record Instruction — 2 .19.05 - 


Receive Ready State — 2.12.01. 


ALPHABETICAL INDEX (Continued) 


Record Align — 2.19.09 

Record Alignment Errors and Flag Indications — 2.19.10 | 
Region Instruction — 2.01.16 

Remarks — 1-4 

Reserve Card Buffer Instruction — 2.01. 03. 

Reset Flags — 2.07.03 

Retract Record — 2.19.09-2 

Retrieve Expected Broadcast Transmission Number — 2.12.09-1 
Retrieve Expected Group Transmission Number — 2.12.09-1 
Retrieve Expected Transmission Number — 2.12.09-1 
Retrieve Pointer Register — 2.12.09 

Retrieve Receive Address — 2.12.08 | 

Retrieve Send Address — 2.12.08 | 

Retrieve Send Transmission Number — 2.12.09 

Retrieve Transmission Header — 2.12.09-2 

Retrieve Transmission Number — 2.12.09-2 

Retrieve Two/Four Wire Register — 2.12.09-3 

Ribbon Shifts — 2.03.08 


= 


Sequence Number — 1-1 

Set Flags — 2.07.03 

Set Receive Character Pointer — 2.12.03 

Set Send Character Pointer — 2.12.04 

Shift Off Instruction — 2.06.02 

Shift Off with Sign — 2.06.02-1 

Single Character Print Instruction — 2.03.07 | 
Skip and Execute — TC 700 — 2.09.06 

Skip if Accumulator Zero — 2.09.04 | 

Skip if Any Flag — 2.09.05-2 ; 

Skip if Digit Less Than Constant — 2.09.05 | 
Skip if Every Flag - 2.09.05-3 | 

Skip Instructions — 2.09.04 — 

Skip to Column — 2.18.03: 

Stop Instruction — 2.10.03 

Storage Area — 2.20.04 

Subroutine Jump — 2.09.02 

Subroutine Return — 2.09.02 

Subtract Constant from Accumulator — 2. 05 .06-1 
Subtract from Accumulator — 2.05.06-1 — | 
Subtract from Memory — 2.05.06-1 

Subtract Magnetic Record Area from Accumulator — 2.19.07 
Symbolic Programing Procedures — 3-1 


T 
TC 700 —L-1 
Transaction Code. Translator — 2.21.02 

Automatic Codes — 2.21.03 

Code Modification — 2.21.04 

Error Condition — 2.21.05 

Programing Example — 2.21.09 

User Program Requirements — 2.21.08 

— Word 576 — 2.21.08 

Transfer Accumulator to Index Register — 2.08.05 
Transfer Accumulator to Memory Instruction — 2.12.05 
Transfer Alpha from Magnetic Area to Memory — 2.19.08 


Transfer Alpha from Memory to Magnetic Record Area - — 2. 19. 09 


Transfer Alpha Instruction — 2.12.04 

Transfer Card Columns to Memory as Alpha — 2.17. 02 
Transfer Card Field to Accumulator As Numeric — 2.17.01-3 
Transfer Character to Memory Instruction — 2.12.05.3 | 
Transfer from Accumulator to Magnetic Record Area — 2.19. 09 
Transfer Numeric from Magnetic Area to Memory — 2.19.08 
Transfer Receive Buffer to Record Area — 2.12.04 7 
Transfer Remainder to Accumulator — 2. 06. 02. 


Transfer Send Record Area to Memory Instruction e 2.12.05-1 


Teanees to Accaituiater as Numeric - — 1: 06. 01 
Transfer to the Accumulator — 2. 06.01 
Transfer to Memory — 2.06.01 | 


_ Translation Table Format — 2.21.02 


Transmit Ready State — 2.12.01 

Type and Punch Instruction — 2.16.01-1, 2.18.01 

Type Instruction — 2.02:03 

Type Into Memory Instruction — 2.02. 03 

Type Into Memory, Punch and Print — 2.16.01-1, 2.18.01 


Typewriter Keyboard Instructions — 2.02.03 _ 


U 


Unpacking Routine Programing Requirements — 2.20.04 


Vv 


Variable Length Field — 2.12.06 


W 


— 


Word Instruction — 2.01.17 
Write Record Instruction — 2.19.04 


| we 


IN 
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